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Superstrings 

A Theory of Everything? 



o\i jxjtifij \<\<\rh >Arvn —^i-oVi ^ 



* * » 

<. %\ o\£^ »sM\ "*«,,V.\\ -^i 

w<uj|ai\ ftjjk 0^ j^*, . ftA>-\^ *^jlflj (. j*^*-^ 

ft ft 

ftj\jor £j\i> oVa **Ju\ *A-i»\y j\Si\ ^ a-^a ^iV Jji** jsi- 

♦ « « 

»1*> vl — ^» ^j>^a£-. Aiij^r 0\«.^> \jjJw»\^ 

. \jjb ft t \j» t U\ £ O^jl^ ^ 0\sVaiM\ Ja*i "Ajj£a^\ 

VijSai 4 v^j?4\ "aV^- tNj^\ «. \ «\KV <.\ij> JJi 
jVsfli\ ^ o**Ai» ^jf V-fc's i3i'i JyJ^ . \«\KK 4 ftu>\ 

\*A>r jt^ ^i^T'VveGYvostmttve Momftjji\ ^ i^V- i\ 

ftifc jZ-i j\ V> <. 

V 



jsjciN ,Jajo «.\ j>r\ jj* Jo ( J>s> ^ 

Ci\^>i\ jAij \y\»Cj O^" Cjy Ci\ \i \y '\ j£ ■_ V- 

<.\iJ^«. vizi's ^ . j>j>-^\ js- ^yj: \yu Ci\ ^JLj <.A3\jo ^L-..sV^i\ 

i-— V-\ aAf- \i>-ji. "Ajyj "^Ai> '•o\^' ^\ ^a^j ±> ^ 

JvJ-ji a^aAN ai* . ^-*^» ^-fr^ tSj^ \^r^. 

. "*.n». : .>...V-\ tXj^-i^ "^y^ <• "» ~ -'^ "h^^ ^0*-^ jtfry* 

0\ M\, (. £y JeVfr ^ j\5y\ £_y>y 0\ ^Pj^ 

. \i jhOC- 4 3>> ^ fW> O^o Cj\ ^> 

ft * c 



A 



1 



t* JU^ jj^ 1 ^ ' ^ ^ ^ ' 

« i^jtf I 1 J* W gllll u>JUj r ^ > • U** 

■ ^Ir* S^Vj ^--^ ^ 



4 «LIp Sop ^\ 4 Sj^ill i-^jdl «JL* jUaili . reductiomsm iJ[p^/l ^ 



iLJL- c_JJai 0U,Jl la* ^ (OUJLiI ill; ^ l^-bi-'l ^j^f (j-^lii ^' 

Oti IA£*j . Jl J^-io L^Ajii ^ iJi*il UyfcUi. ^ ^ £*j=J J\ V t jiUJl 

^ }Um 4 gliil cJidij ^JJi or-Ju: JJL-^i' t J>- 0>> jull^l ^lL. Jit .*} 0 
01 iJIp^l tsy. dJJi £*j .<jfyi-W ^ j\ SLJ-\ J^'lT 

4j,JJL iijvsjll t JyL* . Democritus ^Jajjic^j Leucippus ^y^^ Ltxhfi^ 

t ^jljJJI ^bt-l ij^iJl «-U <Jj . .Lii o)>i iJiib (11*11 0l< t Atomism 

l^-Jajt V) UjLit j£r V 1^1 l? jlC 4 Elementary S^o* I^IT 0j£> 01 <>9>»M ^ 

. (^1 « JA ~**y^AA )) l^L JjiSI j£f }tt * ftl)S!-l JA .jJlsV Ol;jJI Oj 

_ J » » » 

0[ JLL jKj . ,_j i»Jb i5^>- 5JU- J . S^L. d\ ja L^>- 
Dly J-^I^Ij f-Li*; >i -Up L»» >-f.^«; (>_■....; 01 ol;iJl Oy ^IftLiUl 

4 yup e ui o>ji c? J^* '^-^ ^ J * 51 ^-v 31 c* 1 

Ol^L Jui . iiilii r \~£\ ^> ^>Li^^ 'b»p^ S^l i,>Jl c-^Tli 

(1UJ ^ »JLi5i IJL*j . »JLs- iij^** Ov!^ ^ Dl 

: j^fiil U-l Aiyip 0L Laplace 

^>JI J ii»UJI jjjSJI JT i U ^aJ- Sjj ^ 4 ^ V>\ 4 ,/xJI OlD 
oK> ^ 01 ^ ^ (IUJI ^ *WAII ^ ^ 
4jJLJ OjS^ 01 J»ji c J o^JJI ywt o(S>j (IUJI ^ ^L-st-Ml 

□ . r U OUx^. L^JT ^lilj JJsJlI 0l J, 1 *J ij-Jli S» 



< J ' e « 

01 Iji* JLjl /Jl 4j_jajl a-L* J ^J^^-* Jl* C-iK' aJyJiP jl £w»ljjl j>3 

SJL- jl If . ol,i ^ «^.U LjU (1UJI ^ Jl ^.^js' c /; 

i*_Js> jl Jp eplp . ^)\yr jji CJ>y JL* U /Jl JlfSCiNlj LfLT jjjUy OljiJl a -la jJL^. 
(J *Jj]i< ^-L» ^^^r" j' . ^ j^iJl (j^ 1 *; ^— ^ i-ia^LP .JjIS' Ol;-Ul ^ iiplajt (JjiJl 

*U»iJI jl vilJi Jp . Ol;JJl <_^jJjl jwJil i^jtsli Aj^JiJl ala> jWl c iJllill 

Ja^i jlT . L>li 5j_ r tdl ^jL^ Ji If^s- j ^JJl j^J]) OljUl <ui llyo ^JJI 

. c f g 

. I Jor i-Ja y ft^i j£j AjJaJ 1 _ r -">^ il^J j^^ - JL**-' jW 1 * - ' jM 

UjLtf- ^p «_-ldl jjiJI Jltll Jfyl L«^p «JU- Jp ,w>jJI /L -Li) 

t t 
jlS~ iij^i* . 4j> » ~J>» jr fr^l Ji^>~^' iJLSilJj jJ-jlSLlI J ^jJ^J Jylji Jl C~i~J»l 

_li* J jl *JliiU y>Ui> j^; jl ^ ogj| ^yjl JT jl JiJl Jl£HL 

< ftljJjJlJl £jL>- ^jll} jl£il jlj 4 js-JU jji Ol;Ul J^fJ jl j^PjJ . illi _jt »J» JaJl 

/Ji OL.IJ j JjJj>- kfj^f- pij Jp j^l Jjo ^.^ai j%-$1»p jl iw^ijj J-^l J*-** 
Juujl-I fUl \ % . . UUit i^Lst J Jli Kelvin ^ jl ^ . iJL^I ^Uil 
ji iaii UJp . tLj-iJl j ^jLi^So JjJ->- jSfl L#UI £ » : ^JjJI ^J-U V^H^ S 
. jJt ^ J>£ j jl jj*J: jL. . « oL-Liil ^ J JL^; 

^ **-jya> Jitiiii ijl J <jjy jl ^iii-J fljjjl Jl iwj^p- ajii t'Uily 

• ^J^ 1 : Car* OA-W jy^ ->^-j >l>> Ji c trf V 1 4 ^1 dJJi 

Ij^JlT jj^J ^LJI t/Jw Jp \ • fU- Jl^ O^- ^_»JI II* ^">U^ j& 
. ( Jjy UJ J~*j*. L^JJLi ) j^l jcU ^ ii^jr ^aulj ^jui^l yj-Ul T.Kaluza 

jl ^P, j^l II* CJj J J>i) j j_^J ^.J,^ ijjj;- Ajjflj jj^ ^.^1 ldSCa,j 

. aJj ^*Li* j C-L>-i -Li Jjo ^ f Lij-iil 

Vj-^ 1 V>> '^^Y J»LiJjj jj^^ ^Li^Tl j& 

jr^' (/Jl .j— :>U^1 Jl ^jI JJi JT tigj-Jl j jilii^t i»>; 

jl ^ . Lpi jL^ilj jlSLiJ jUJLiJl jL^iil^ lSJ~\ Jijj jOly 0/rJ> JLii . Ji>-iC_j 

C-**-^^ i^L^iy lj_i*J j^Si y*L»-All jiUJ Ijy^a l^L* vJULs- Aj;jJl ^J^uySi 



a~-JI L^Jay ^1 ^LiliL. i OLfJuJust- ObjJai flP Jljs- cjj 

L^-if ^-^sl -li ljjr*ij^ «p >a«j l)S"U ji . I >.., J ijflj..; *fy*Jr JI <i^l 

OU ,,..>■ ^ ^ IfiS* iiJJ* 1^1 (j-L-l jjp Silil »;_^<9 i-Jl* t L-Sy 

ijiaJ olclU oUjI t \^rfl*i fjLL^ JjU; S,Jl. J tEddington Oyiol Oi *>Ui 
Jjj . l^jjf. IjiJs. Oli^* Jp -U^J j£) Sj^Jai JlJs^J i>j*i» aJjL*£ 1 

* 



^ Vj 1 ^ 1 J 1 *-?}^ • °^>JL^b ^^JLrJ}j Olijy^Wl o^LiiJl -Uw? Jp (11*0 



t^iJl ^ylAJ i-.^y ii^liJ ty*JLL OjJ frl^JI IJUk l^L* ^Jj ^Jl A-JI J ti-^^—* 

iw y^l (»jJI ^ iSJUJ! jlyVl Sijiiij . (IUJI Li* ^ _ / -jL" ijya; Jp j_ji«Jlj -bJjr 

i^l ^1 JT L^i c ^Jl i>JI i^kll, . JU^t jsSi L^Lp jlLJ jLil (I* ^ 
4 aJI*JI iiUaJ! oli oL-J-l ftbj-i jt 4 5jAJI (lUi . yUu^aJl Obyws (Hp JjbJ iJjJLsLl 

. UAiJI jbjVl S^Lf ^ 5y 2010 Vyu ^ 



tjji lili ^ jl Vji Iplp ? LJL>- ijJi ^S^i jl ^jSCc liU 

L^vajUa>- J>L ii^Us jl^ t L^jji ^1 4j ^ikII i-A^-jLl iL^Lidl fc^JULT jjJL^iJI 
r ai; jl LjU l^j .dJUi Jlly ^-kiLI ^ yi^£Jl i^iJIj ibSCJtT cUji/l 

i^LNl Jp Jaii tiJjJa^V jl ^1 iOL-i-1 jju C/>lpliJI j£j Xyy LiUsjl 

« ' e * * 

jl ijjad\ a-L* SJUi^il olit-J-l Jpj . i^. Jl L^IJLi L^ajl Ol J-i t £^ VVsW 

J\jjj i Ja**j. I. ■/»»■: oL-J-l scattering jUJ olu o - iiijjJLLl iiJu 

e\jjj (J -ill J^I^Jl JS' v^-*" £P j' (J* s-£ ' jUa-^ly . £1 t l$££Li> 

a-^L^-j spacetime jliCjJI S— o^* ^ j!3 jl Iplp jl 41^ ^ijJi Jp . oL-J-l 

* * « « 

. ^r>il Jl |il*JI 11* s L>- Licaa L^yi ^ jlj i iUj^l .s-A**' t v>-_jJjyJI 

. tli^iJI oiy jl Ua,I Iplp Jj t Jf II* j£) 
c^^ij^^c viikV 4J[ . ^ *b JjU: jl ^ jJ-l tv 1 

jjj> jt) t V-L-Vl Cv!^ 1 ojj ' ._u£jl Jb»-l> jl 

t ij^ttJI Ll* . oU^Uil a-U ^jfis-JCi jt) 1 L-i iU-Li)! t£jiJl} Si-*" 

! ^UJl 11* ^ i_>yu jl -byU JT Li* 

jjp JjJbr jl> Jp : 1^1^- Jajo ^ iJLft- *J^Jiil j[ ? Jjldl li* ^ 5LJI j/li 
SjlIp 4 L. jl>- Jl 5-3Lc\ 5jl5p iJLw. J-iJl IJL* ja S^JjaJ ^ d->Jl jl iLLi . iuJjaJI 

. 4^,,-; jj5i jt Aj V 4^,,^ll jl. Jt**JI jLcVl L^iA-. 

L^L^jji i-Lp Ji LJT ftljplj ajJii jtsi jj^J ijJUJl i^taJI jl L.j*p J^Jll j^j 
4is-V OljjjJa^j . *J/!»JI Jl L^-«J «/>- J-*!^ t/y^ &\ OlijJaJI SjLp j^j . ili—ll 

^1 iiUaJI iiliT jL J^i. i.\ AA • ^U- AiLi^Tl JUp t j^UJI li* jlT . ,J jl*>J^ 

V-ldl oli • ^ ^ Ji\ £ V-L^ ^-1 

■r.-J iilill 01 jwM <\ . . |»Lp vj^iOl kiL^j iJaj ^Lfi Ujup . ijysJL. 



oli, ^aJI ap^ : ^ £ ^ ^ j, t s^L-SH j, 

l-bj* .Jui^,) ykljJaJl JUpI Jl JpyJI jt oLL. is* J iL«i*JI S^i-L c_J JLij 
4 5u>JI J 4 UL~" j-U: ^Jl i^L^-Vl OjlyJI iO* ^ JUL Jiij U-i oli^UJI ^ 
ftLj-iJl J Up OK' S,AU <i^Ji-l j-J- ilTLJI »-U J«i . S^lAl ^>>JI Jl 
oUj&l jyw> iJU- <_ilb* 01 ol;iJI SJb-U- ^ySl J*S jw il t icaiJl 

01 W *i> I'^J Jl ^ ^ VV 1 J^ 0 °1 

J «.ua»; (^JJt olJb-jJl |JL- y» iai* Jj-Ij J«lp ftUiiu-b t (j^ifl L^'Lil jU»l J jyo 

j ,rtT«* iJL^Jl aJU-I »JLfc (J ) . *jjP+d\j aJu^J- U »0>-j IJlAj i iijiiJl j^bp (y-*^ ilfe*" 

J*!^ 1 u" W Ui~^ • c/*^ 1 oLUp J Up jcUwJ JLLI JbO^ Jp "<ij>^\ iJb'U 

oLyf o t -^>-j I-*-* (J* .X,u.«J 01 SjjJaJI «-L* Ji<y ( . <!jJaJt J 

tLjjiJI ^Jp (^jitJ *yry U>\j, IjlAI l-L* 0j£> 01 J*^l j/y . L^iS' 4*..Ja,ll 

Fermilab »-<">L»/ jjA* t L.Lederman 0U;-U OjJ Jji a-U<aJI IJL^ . U-L.Nl 

&l JUi • tfJli Jj-~ osaibt dJLLj ^^iJI j^J oVjUl ^ 

jlUJl d^y yi J^Ji 4^, ^ t ^Jyi ^^J^ ^ 

Sw-JI J o> yii OIT . J,>i! I-U SjXLi ^P ^Is^I JUpI ,Ja** CJlT 
01 ^ t \ 0 Ji\ ol SxiJI t iJUa*j! SyiJIj iJliiJI s^iJI jil&ll ij^. Jp ^ui 
Oy'L* u^j ilb-SlI ^JLi ^!! (ijlill ( « ;:/ .) oLWVl Ufr jp SISt...* O^J 
oil . JL&I JiLl aj^U. Jl ji\^J J^j ,11 j^LNl oy^OJ! 



Jl oL-Jidl «Ju» coli oij . oU-JiiJl (J i»* i Iji* c->c^.l Jij 4 ^^r* J^-iy 

Jylyi L^P »^ KS-y OL->j» 
* o « « 

Jauljj jJUJI Jj^ ilyi LLii Ll-ij . oW^JI «i> Ow» -iS'liU C-p^-lj 5Jb0^ 

* * 

4 ^JaJt s-U 4jj^>j . «_^L^J1 /yi OJuL.1 4P^u i-JljjJ ol^LU c-^-ji ( multiplets 
lijj 4 <^ -XiV ji>il ^p iUiVl J ^U^" VI 4 Sj^-Ul JJ JiJs/l ^ 

01 Jp jjjj oii . <J\y> J^ly. ^* jtjs 
£tk- JLP fL-jr-Vt iljJL- Jp 5^a...U iJUiJIj iiO^Jl J^* ^J 1 - fir^ 1 

JL»» jjliJLjt U( . <L-Jg j£ ^yA l£y* tJ -^ t-yjab\ jl oUL ^iJJij s^Jaljj ^"-j* rfr^ 



Jp o# oNjUi 4 dUi ^ jtsl 4j;> xr-ji S^Vl J_, 

u«U jt ^l^il Jp oVjU JT jua^ . f£}\ hj± ijliJI, ^_J| 5^ 

jl Oil Up uLJ-I fr LjJ ^^i; j| JJj . u>yi£j. JS^io 1^7 jf ^ ^^kJl 



^sr/. (-... :» of i£>- ^ t j^Jj ' 4 -l*^ ^k*) 

j^-J Sy*U» ^ Oj-JU-l • jU** tjWs* ^ A 7 ^ ^ ^1 4 ^iA** 

lil i^A-l «JL* ^ l}jtf"b Ot j£cV) t l t ^i lib. Oj^ij V • ^ btf i^-o 
. ^\A\ .If ML ^Nl 1,^ l^iiU ^ }j>^ OlT t i/U c > ^ 

i.,., ..;l l> iiU j>mJ t emails' t <L^J»^£ll ^ly^l Ol< (Jij— ^* oVjLm LiJ t£ j>-\ i^jf 

^fiyjaZ-. (^1 J^S V ijjkJl j£j . i<u,JaJl CjIjJ Sal) <yJ*Jl Ju^-i . ^J-l tUoiii 

fr^* &Uai)l 01j Jj^j (^1 j ilbk Otf' . *J iL-JL iPpJI »JL* ^Uj Ot t^i3l Sj)ULl £^ 
* * * * i * 

US"L. L-yT ij,ll» A*rjA Oil jyVl Olf . Li cj-JaJI « jyVt Uyf I < iJ,* jsP 

AjJoj jiy «JL* 01 jJLj OS* . 4-J1 cJ€^~\ JT ,,.;7 01 Lilk* LyX«. 

ip,-. ^Li ci-l^t (^11 t-^W^II j£i . jjjjsy jsUtp Jt* <^-^' <>>...■ ill IJL» ijjy Jy— 

Ja>- ^ ijaidl ^Ll 0i — *~ S\ lJL« j^A! 01 ^li^il jt&^l JLiJ . Jj'lll li* ^ ^/-l 

JT ( ^ Jp JJaJ iPp. 01 JU» i jyVt ^j,. Olj ff^ 

JU^I^JL t «JU*ji JA ity^J **~A tSy. CJ6 4 «^si»JI (l)t . 4j;LSit ^fl/- 

4^_- ^UJ OlJLsrw- t i--Jtj 1>JL>-I iJy»Cj jfJUf[) 01 i$\ . oLlll iilia* ap^w 

. 3Jb-l j i»J 3o*-lj)l JJ^iJl ijLiVl 

Jc- (^jk-i 4 A-t-'Jkl J^J 3—-Jtj <^a)l AP,-. oC t Oi-bLl IjlII IJla 01 

t L^ms- 4 Ol^j ^^Jl JjbJU . ^jJl, Ot^ll ^ WLiJl jt^SU iiJUs 

t <£^~JI jjSUJ! IJla J JL^alll c-y . SOjJjr relativistic iy~J i^ai <lL* d)l t_-is 
Jftet-l ^ U Oj^L- v.jJ! s^iJy LJtSCll oliL-ll of idl>J\j 015^1 (j^a^ 

n 



bl U OUJI 5>^ V^ 1 -V^ 1 **» • ^ ^ ^ 

Otf LiUaJl 5JU OL~JU J W ^ ^ 

£^-11 UU. J tf>~ ^ U- 0( ^ <j j& 

i Oj* il^Jil p-±M . iiLlSLL! oyly <j t^l" i-i^jHj i-il&l ^lylidl aJU 01 
oi ^ Uaj . oy- al^L abj7 db^ 01 ij 4 jTL. Ojj Lf jtsi 4 3;L*1I J-j^ 
j^L. 4J| ^L-l Jp- j^-^-l iJbT OjAj-iJl Jtyy . Jfiy^ u **i J* 

iluiLl t(i^-JI il^l! J* jT) Sfc&l j£J .(l+„.,3, ^JUI jl^I^I JL-Jl) 
t^l 4 Ol»l£u OU-I> iiUaJj^ il^JI 01 OlA i~~Ji iiUaJl) i*/-^ il^JI *»">^ 

ii^ji ot ,> W i>ji ^kq, . awl ji^it ^ j^i £L£)i 4 aSUaJU 01 

S*jU ibT j£$ JjUlly .>T tjlt £y Jl Lfljyij uij> ^ 4 UjU} 

i^-. c Jiff <i-»» 4 E = mc 2 : s^^l ^LiiJ ii^U ^ Sl^as I4K ^lil&Nl . iill? 

. e yu» ^ j\) ji j^js m jit, 4 t^aJi 

Li* Js*»s-d i I *^J»JI jI-Ij^ J>4s 1 01 ^-or j^jf V jlxiVl »JLA i>^3 

. Li« iPp. Jl y-iJI Jj^- ^ yw»t 5#^. jjg 4 »la£- Lvf 4 jt^jLl Ol 

Lf t j>^JI VV^ ^ cK- ^ **r- (C-^ 1 t& °' * JU ^ 1 4i * 

oV 4*^1 i^^oi^ fr(# iV 01 L*. -bU Li* ^ 01 

ii>- JtiV dUi Jyj . (O^L- iJU ^ 0^ 01 ^ N U» > ON 4 

4^»L..,»4-1 oJu Jli*Ij . ^ js-*d ^f-j *-Jl* U** 

Jl^>.| ^ oJla a.,- Jt ^ iUchyons OUj>lJ ^ ; 4->lyiMl 

. #> >M ^ i^l jy-J 01 W c^-N W g;t 4^-TU! .UNl, jl-^ 
iA*J ^/ll >M t/t) LL> bJ* O^-UJ il^JI O^i 01 IV ^ 



or a i ^ud iLu our oii^uu i-^L-jt j^ji o^- J ^ . ( ^jl- 

. iS^J-l jS. bjiUN Lb! J~- *>U f> JaJI Ua/b. jwJ J L-Ip ^jjijt 

t NjT . 0j>-^ O^'^ Oli 1 5i>JI J S*>^ > ol^UI 01 ^jj 

Jp ^1) J^l aJu» cAij^M Oi,L~. J> Jp ^jJI alfl -bJbC ailpL ^JlyJl ai* 

. L& d& 0j& lit j V ilj&til Lr* cA ( A £>jM Ji B Or* 
01 Jp <~~JI ii> j W!) SJl&l J^ill > t>" ^11 O^JI 01 

ii> 01 ^Ujlj . IjtfJb-l Up O^i ^ V?^ ' ^-h^ 1 6- ^ ^kr 1 !? 
t o.Uv> iUl^l* a-b^lj iy-T ^ L*. OB^st 0b»jJlj jl^ll 01 j^Ja; 0!%>Jl s-b» J-P 
(jjj ^.,..,.11 IJLLj . 0l£«j)l <u_J abul ImJ \i continunm *>L_^> U JJ*cj 01 L~lp ojj 

. Jbut **J ji>«u» J~*> <^JJI jiUt it ^s%i^ 

0l£il ^p jjjj jl&t OU^a Jaii ^auN JU-Ji L>J 01 ^Isi^f jli 01 0IT f 

ajitf 0*j jp J«ju" j^J ii^Jii J LJlilJl (jjiili . UaJ -o^Jay Jj 4 iXjlSLU -ujjjij OUjJlj 

0! ^ 0 3ss-JI J> 5^»JI ai* j& . fL-fSlI Ou iULiJl oliLil J> L^y 

ijjtJI J jilii^l OB" . ^Ip 4*4!! ( J>- t J^*J' l-i* (J (Jjiit 

i j*r <£j>- JJaJ N t ^jL-j lil t . Ujb-j ijadil iS^LL I aJL^I « » 

C-ako-il lij b^S^ L*2» yulj t ^ t SyVUIl ^ ^iL-Ali . LjbL. Jl l. — ^ 
^jLJI 01 0L-J-I jjliijl Jb>4 ^ yJI (JUk J>-Jb . 5b«u ciau* jl 

^ centrifuge sJuUt iyJI ^ JLL ^L-^l IJla Jp. . <JbUl! ^ U^J jX?^ <&y. 
: ^ ijill 1 ajbp ft U«JI JWj J-s-t bt . « aJUJ 9 j£iJ VI ^bj-^ 1 

. jS\\ apjUJ J ju*i)l ^jjUJI J ilpbUl a^ilt Jp iNjdJ « g force 
Jl <uij jiLi^j t JSjJj jAJ\i- <_^JJ lijyw ^bUI^ ^jLJI jil^Jt OlT 
. iJUiil Ji>- iiaibJ! (»L-^Ij <dU« J*^ 5jIp ^-bj . **~lai\ J ^L-l Iju. ill* 



<->j/w <J>jJaM ll*j . f-UJ j>- J=^L- J <^JLJI J-^IJI Ol> II* J*-j . Oiy 

Jl ^ J >*l jil^j j£i t ^> ^jj *i> J r*j *U*JI ^ fjJi 

<i Sjjl^l ^L-sr-Vl Jl* OjjJt icJ^P 5^ -'"^i^ 1 - bwjJ>l c - jlS ' li 

JxL-J Jb-I, ^ L»* iiikll f L-t&l J*£ <^Ul y ll*j i ^jU< l*^ 

Ujt t L.li L^w* JyJl II* ^ jy\ SWli ilk* if*&\ jjJbj 

jl Dji JUil! JiU <jy Js>_)Ja>- klJLL-J fl—^l eJL$i t Ijj^ iiji*. fL-s^l cJlT bl L«li 
Lbs- l^w Jjnill II* jlT j&j . ^Sll i^j/ ^ ULJL-»I ^1 t L&l jjli, 

>. h ...4-t * ^r ;i /l» ^/^^ ^rfa." fr^^ LL*1 liU . S^xl! ^ iai jLl>-l l^.,^ 

^1 f L^.Vl Jp OiiJ ^jjl ^UJ ^jjl ^ a-wAI U1T jljLPU, J yLiJl >UI 

^ UifL <^>Ji r -JL» * g:>ii p-JLi jp v-. o^I ji^ii juiii v i,Li 




-U* jj^-lj ait ^j>~ ilj£JU L;Sl « tidal jjsLlj jII i ^ji ^^^j iLiJaJl LlUiJI 

. ^iU JliiJt Jii.| oUa-^l kHji 




Jl V yiisJI jj^JI 01 (k) . \fyj>- *J< Jti-J, ^ ^ih Jatf oUe— - I*,! (») . T j£» 

^-^D do* U iJJij » i*^ J^Lw aU^j Xl! i^i v .y^l Jl Vjit Ji-JI A . 



(a) 



(W 



t * * 

. *Uai)l i-JUA Jp t>. Aj^J 1^1 —t.^ J *-JLAI ^p V -A* ^Uill 

^ tJL" ui> ( . *Ui J* 4 <&ki V J* ' ^ ^i 31 • ^ J* 1 —* 

»UiU SJl&l 2ftlsJI aU&l Jj t«k../ll c >-ii UJ*U SiJLl^l 

. r j£jJl J ^* If 4 ^toJLI gkJl 4iJJi iilaic i-JUki JU-ly jfl . Ja~~ll 

4 Js^JaiL-l J SjJuJI 1Jl*j . J,L-lJl t_-iai5t -Up <l)Ui»Ui! L^^J 4 Ja>- j> Cj^y* 

JX»- j 5^>- ilaiLJi jLi>-Vl ^L-«^l o[)L~» 4j-io <t-Jio jtla-JI ^Jp 4 ol;L-il jl 



^ (geodesic l&Pj-jM JaiH is*~4?) «i*Lk^i» jl—il dlL-J Jj tiJlJL* 

J-s-t) {£y>*y?r J* " (^s-^il OLSCjJI IJU tU jjlail OLSC^II 

JiU ^ U>«i. Ijl— iiL-j d\ j>- . -b-lj vj^-^ jM 5 ^ 1 J£" J j£" 

4—JUA Jby (iUJl J OLsil (_£Oi! pL, . 4- Li llJ-\ ^U«iJI 

*J 0^. J jt ^LjVI Jl; V 1 % Uu~> ft Ui!l OIT lit* . ^lUl II* 




Earth 



4 *^ t jii* (^jT Oli jj£l jt . JiJ^U Oli J! ^£ 

^k- U t jlJ ii^AJ _>•> i^t- 1^1 ^ c S^JI jt >Jb- ) . ( o j£Li ) ^k- jI 

l£ ^y^-i jii* ^kJ i-j*^' J 1 - 1 ' j* ( • -ki» ji-^ 
L_^>- dili? jl ^ Oj>j V^jW* ^ ^ ^i* -hypersphere 

. SS^J-lj jUjJlj jl£ll Ijjl^it ^yiAj y» Jl UjfJtf i-^-J! L^k 01 

IJ^- LiLi. Jil JjjiaJ <J — »Jj . J-i««^j jl >_ « ..^j jl^^ll^ t ^LL* 

M.Planck jo- > \ . . l^d*-, ^^iGl ^kJI olJb 

LjLs-I oLsr-j-i* ot j-^jC «^iJI ol t p~Jr/k*rjA duality iyill 

y-tr^ 1 jL^L! ^ *l t J ILjaJl s ^ t(Jy i.\ *UL^I ol..,..>5jj 

. ( * ) L(M J^\j jT J (< v-^S3 iirj-vS' Jyli jl V jy-jaJr^^J . fJj^.T,,.U 

c3L»l=» jLf^-j 5 - J f^ 1 iy^UiJI «Ia N.Bohr ci-^jaJ| 

cliJi JjU* . Lj^^^i; oUl^l ^5; t iJb-lj iijii- complementary 

jt j^cj 4 Jla jLi .JlL*: \ 'uli L^*p j^yiJ jli li* Jpj . Jtj^JI j _ r i«j 

* * 

Yt 



4 Uisdl i^^^l iif^ili . U^r- U-bO£ j&C V S,i)l oLySC ^'S' Jl z\j ^1 
_ua£ <_,. >H< aH /y J*£ tUiiJI j Uiljii«l 4 aOst momentum j-lijjl 4 
^^Jaj Ol J L: t (Jj^i jl 4 JjLJ ' ij y>-\ <f>- ' lil j . iiJU 

J&C&\ Lls<aP Ott ( *>^* 4 <y-^ajlj t/ ~— a^J iili ^IJiw^L ) 

i£*s>£.\ Ols*^ j>-\ ^AiJjVl jyd L^.L» 01 IJla Jpj . jJ-Xll 

jJl^Jl £-*>y (j-L* ^ OL-jVl 01 : is>-\j iJL*p J ouJ^/i ,^-^1 j**- J* ^ 
ifjJl J»LiJ iJUjM J,Lij ^iJLSi i^ij . Ol j *pU-UIj ^j^JI 

. uncertainty principle «->Uji|l ~\JLa ( _ ? *— ij W.Heisenberg 

oLjU 4 U-Li ^ Jd 1 i>«i y.^ 1 Jf ^ J>" W» l-i* 0* 

4 C y <j iii^, LfrlT i^-iM ■ ^ ••ir j^ 1 W « ^ Uj '» 

01 (j^S^ AxAp frlJLsLl 01j v 1 ^ 1 ,J -r* <^i* t ^liJG^/L c-jLj,"^ Ap _y J 
4 4«_)>JI J irfL^il 1 » Oil ^ SaliJI . h _, U oU ( _^J ol" ^ Ji 

Jjto-V vr^ 11 ^W^i ol *^ (SjU Jj^ 34 "^ • x6,63) 

.oU>dl JT Jp jJ^ cTjuH ^ ^ t \r& Syu* l^jaU, O^UI ^ J VI 



.La tfJ A jip ii (orf) jM ^jW 



OL, jLjai ^LjjVl Ul jLf>-^)l OlJukj . h ^p JEJt *Ijl±-4 JjL Ol JjJl^j . t 

tjlSl; t Jlj»-I 5JLP j t IJlAj t SillaJl J t-'L-jVl jlpjl t^L-*- Jp j> Jl ^ sA^I Ji*-^' 
£li-U*>U t l-L>- jy^ai «.UjI J t U ijlJ l-L>- Sfc«-s«aJI olxil J«^ljiJl j~i jL Jji3l 

Ljui» LjpliJJlj LiUs Lil- vj^SJI 4j^J*iil loSokj . l-i*- S^T L*J li*-l jl iiUaJlj 
\f s ,^->Ju (^Uj-iii -bjj ^Jl iiJaAl LUIS' LiS' 4Jt ^tij ciJJj j-y . Jl^-y Jl-^ J-^l* 
^jJI (J *»j ^...Jl IJLAj . S^-T diJJii i4j*jUl (^UjuVI f j-y) aUall cJiT ijJ^> 
t Jjlil C'L^: • j-kpl J y ^ (J* ^ • ^oj'-r- oIp^-~« J| iiJ-lJI 

. iJUl OliUaJI Sj^JaJI si* Jli*l 

C?y} ivty J-^ ' olykil Ujb/ oLLJ>l j> j £s V U k_-— y 

t oUjo^iVK' ol.,„.r Jb- J ( OL-^-L i^j—Jt oV^iil cu»-l jJ> ) L^JlSLlI 
Schrodinger y^jj^ ^ j^Ji^* c£-^l J* I-*-* f ■ ^'^1 
(obi JyJ-l oisLc. JIojJ iiJi jl> Jpj . OyiJt li> oLjjip j U»l^j 

j IOjU IJLfcj t 5-b-L>- iJLb- 4jjiij t^-Js,^)! JiJ-l (j^j-^ Ji>-^ > fc^il**^ 



j jijJaJl IJl* ^ Jij . L^ULI ij^U; k~Af*S3\ L\iUtf»jl (j^J 

Jl <iy~J\ asLI** cjjU ^Ul P.Dirac ill^a ^o, Jp ^ ^ X <\ f l* i ^ iiJ^L. 

(^_J»^53l Jii.K') JjiJ-l ^JUJ Ujlp c f . antimatter 5jUa« SjU zyry. ii^Uf 

JJi f J ■ Lfjt-^ CJtj^> lil >. L-^»L, ij^Jai Jp J^aJ-l t 

t Vj-^" J^" \r^> ' V^ 9 ^; Cw»/pI 

JT ol ^4*4-1 ^>>>ij . SJliJI UUJI a*. Vl t ^j-i^l dJL.Liaj/<JVl cjJI ^o; 



• ^jyj^ p-**^ ' *- L> *-^ ' («-Uj 

uiaft J£* ^ . 0j/£M > V* lJ *-J '^ J - 

1^ d)l . J-^»Vl spin l^..... J Ji»i L.U Sjl* L,iJI Op ol «.,,.->JJj 

(J li "^-i^ A i M y^ ijv9l>- jwJIi Ul . Jp- jj^j ^ - --r 

ljuji Oh-Ji Jf ^ frUaP ^J • t/^ 1 > 

LkJ i^-lj t^yi c^j-^l ty* JL» J Ul . y^j> JU. ^ Sj! Jb^L ot <uSLc 
* * ' * * 

•» * I h 



2 2n 



YV 



. _L ^jL-i 01 : — — i»J g;JJI ( « r 4-l J^Li A c^l jloill /"i 
2 2 2jc 2n 

4 <_£jL*o Q xwJ-l (j^r^J ' ^ <^jL~J O^jjJl ilf-r-'J ' <^jL~j Oj^^JNl j^/i— - < ijl Jyii* 

2 " " ' ! " ' " 2 ' " 

.liiUj 

t^iUl .J-^ U1~JJ i^JUil ^UaiLI j iSj^S iJUj 

<£,JJI f^JA ^SJ . j~is/l Jl t °360 SjjIjj jjJu Jbu t Jj>. fljjdl 

u ^La>- oli i)U- °360 _j tjijJJ JUj Jl»^ Jj t jJJi J*i, V _L ^jjl 

2 

jj^cjj . isy^ °360 -j •jya; iJdJ\ AiiU- Jj aJjU.Nj . 

' 1 

2 - 

Ji jl . <j;y [£ j$\ QIp cJjj _L <u-— i^JJI ( c — 4-* . (^.jUJI j^-jLI ,^iw> 

2 

LJ jJLj Li . p~Jr\ JJI frUaill ^ \ 4 . .. ai Jp 4y)a> i>«~J i 4 sly ^ JJI tUaiJl 0} 

V-JL tr4 ill 4S>_N J^Jioj iL-U iilat *Ui)l : ff*^W 

. — 4 ; .>.» JJI xw>JJ 

2 " r " ' 

» ' * « , 
A^aJUaa^ J^uw ^ Lw$> Ui.1 <^ij7 ^w*- Jjj-J ISJjJl iwJiJI 0l ^iUS pZj 

1 h 1 ' 

2 2n 

. ol-i^l kill" ^ L««- ^1 oL-J-l Jtj^s L.li «jJli4 jSLiu iJ^- 

Uo>-j olJj-.yiJIj . fermions olj^i {S ^» iJbJI U 4 bosons olj jj^, J^l 
^^Jr*/ ^ Jji t^JJIj Pauli J jl Jl vj-^l exclusion tbsfll toi 

• J^i ^ -*-ill IJl* j^J . So^l, 

^k-* • Jir" 1 -! Oiji^ uv»^ Jl * 01 j^Lc 5^lil *b ^ oLJJI 01 

Ua.1 L>j . Jjy^JVl Lpj-Ji U^Slj 4 « oLLii-l l 4 leptons ObjsJ Jj^l Jtw aJI 
\jor iilS oU^AIj . OjLr^J^I ^ ^ cJU^t 206 a^T muon «-l 4 jU ^wc;- 

4 Ojo^J^I jf- l$j>^ ~***~^> liJJJtf' V-J • ^^JLr^l Jl ' O^^Jl^ <Jj ' 

. I Jj>- jji Ua.1 y»j * o Ll o ^J I ^ AiLi^ri ul» o>- aij i jiiS^ Jill 4 tauon ii jjlsll L^-l 

YA 



J A^Lio oUj^/Jl ei* ^ ij JT Dl . neutrions Olft^sJl y& Jb-lj ^1 

Jfrj 4 ^A) i^j/^M oil L>-Ui < ij^?»Jtll iSyii\ oli^JJl ^ Jb-lj aS^L. 

01 1 SjSiJ t^y^^l JKj . (-** u-i-i^S^ ji £^JI t^Aj) <^J^ >iLr^' t-lib^U 

^ Ju-f (JiuVj . CjUyjjzil ^lo*;^ Aijoi L.L-I (^y V Lji 4 JlTUL la*- 

2 

. hadrons 

LpI*- LjH S^yiJI C-lagl Oij . LJIp olj^y o^oil Jify . ly> 1836 

t mesons OUjj-» Vju^ 1 oUjjJiit U . f ^*>Lii!l » 4 baryons obj^LJl 

OjJl <J^J . — JT jw Jl^L O^JjjJIj jj>^ • * *l»Ua—yi.( 9 

( 2 

l^JLc-L iijiyo IfJiuwj t Lf^_i oUjjJlAI jtS^ \ Jj-M-' ijj fj- 1 ** P' on 
_ \ S^iiJI J*>\ —j>-^ j* t-ili jK' bjj) jyj^il ^jU JL * u*^) • 

^ i_c^x4 oljjJull jl i^i Zweig A^l^jj Geli-Mann OL. J,* ^ j£\ o L- .. ; . J l 

. j._^Jl Soly iirjI^Jl ijjkJij . quarks oKjIjT ^^w-J yu^l 

« * * * 

^^wuJ 01 SjjJl c-^i Si- J* (£*-J^ J*) tjV3 t CjI^sJUK' 4 0lf,l > £Jlj 

ilL- 4 up SjjAp : ^ OUaL- ^ *Sii Jyl U iJsL^I fr Lcl ol^^CiJj . flavours CjI^ 

bottom 5_jyJ 4 (truth SJju* jl) top i^i 4 charm ijjsi* 4 strange 4 down 

. olj^i 4 J_ t^jL-o 4 objsJLUT 4 iJ^K^I^I (jwj . (beauty iLfr ji) 
2 
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y)\ . ^ jul\ . itfrfl SO-jl . (CJ> ^1 0 » ^ U : ^ 

. jUIi jif «i> ^ ill 



jUI ^jk3 4 uCAlat ^jJoj oliyJ^I £U*J L»* ^^^1 

i (antiparallel ^jlyJI SjUh* j! parallel JU.) U-» iiU* _jl l? ***** 
2 2 2 



&j\f 3 jJLi- ja £ y^A ij/Jj, t ( uud ) Ji^ o^l, iijl^ uajlp 

. ( sss ) 4-4/^ cJ6}£ >ua> A c ( ddu ) <^jIp 

JipI^ ^*2j iiJupj . l*> iU 4>!^ 4>!^ oisf^i <i> 

jjai. ^ ^ oUj^u j«£ c ja-ji itr <#ui -a* # & 
. o^ji <j wdi otrji^Ji ^ U- ^ jat iU 

3 3 

^ji LoJj . Ujp j^j?^ ol^&l 01 oTjii 4-i <>■ ^ • 4jL ^j 0^** 
J.I oUjjJuki £JL oNjlft Jf cJi>-i . oUjjjdl ^w, ^jjl J* JJa; 1^1 Jp 
Lit 4 (aJU! S^LiJI jbil) oS^£)i 0y i^iil Uf c jJUj . .JljjJI l^K^ 

^1 > l~pys>j» ifiS ifrj p*-J\ ±m oUjj^JVl «Ja jUJ <-j^-'' J'-^ -J^» 

^-"iR^- ^ OlS^I^JI 0t i-vSji; 0^lL« (jjJLjjijl jja*» 0[j IJl» . 

• '^J*- ~**-J-^ oUj^Ulj olTJI^il (^iOp ^ _^jf ol Ojy«-ii i^ijA o**i 01 



fl/s-lj ^ Jl « *kj » ^...^ ji L-L-t ^Jl£JI jj£. 

SjnSi oU^JLilj oK^I^Jl d)l) 4 ili^i* a-U 4 apLaSI OjJy t_.,.,Jl IJLij . g^>-^ 

Sjft-C S.il>- Aj^la; JTLi** iib» (1)1 c jliJI IJLa <,j 4 tiLr- - • 4*^*-^ ji* 

£^jl Sft^ iL^-U Jp c <L*jJl iLJ-l ij t tSj^ d)l jJ-j U ^ 

t£jDI aJL* . Jaii £pl Ui-U- <jy JL»-^ Jl ay tJ\ ^\prj\ ^Vl iiJi>- ^ j£c ( 

iiUlllj . Jljj tSJa Jp t Vr*^ i-vfljj ijjJa^i C. ; fe>- *ji Jjl cUiK' Jij c SJUiJl Lp^-i. 

SJbT iiUiJI . frl:^,.! jj.i oL-_ 4-1 JS' L^Ui J*iJ 1^1 ^1 c iLLi idlp ay U^>-j 

* 

fLiu-lj c L^>vL> ii^ dol.i)l LJiT JLiiui ^1 ^ ay ji^ iiliiJU i <uLi jlS' ^—4-1 

OliL» Jp L^Ui J«i; jl ^t,.7 l^V c (( Jj^is <^-U 9 Oli aji SjUill jl JUj 
L^aiLj c iiL-II iL^jL c (j^aiUi l^-Li jl viAJi s-?'^ . L^ilj t^_p^ i£-Ail <j 

liij . iy ^10 ^lyL iJLi^^ll ojiJl t t tyjj!) tyj&l i-iL^ 1 

t ifSi . 5^-Lil jjj oU-J-l tljjJ ^^Jb l^iL. Lfip iiliill jl jJ-j V c_,;,.ll 

f~~*r ij ijZA-* Jy, (( wj>JJ JliJl J*iJl jl i £^sj\ jyjdi c tj\ c (( Ohj ^ J«i » l^L iJUiJI 
Ji>- — ly Ji>- ^-r^* jt^~^- JS* ^ jl iSj> *ii<1^-\ pli^l jj^J . l*t^rf iiLJil (Jji Ijili yC\ 
1 JiJ-l IJLa t_j ,y ' Jl«i (t^- 5 !"!? 4 (^—4-^ ia-*i iJL^j JLL* 

J| SiL-il ilj^L iililJI SJJ. (j^aibJ tSy>ij • \? ^ ikiJI J J^-l ^* *~>*\za iji 

. jLcNl ^jj L-fijJb" JiLl JjUaJ 

rr 



J^cL. AiJ ^ ' ^f^ 1 Ol£.j)l 'y^. J*^ 1 01 t r — > SyLiJI t hjbtt 

UK} c>s ^ o^l vjU^ll J 4 L^Wjj aJI^&I iOti^l ji Jii .^>i 
ap^ J Ji*-^ • 4 ^ Farada y iM 14 J 1 **' f^ 1 

Ji> Jp Jjt Ua*i * SJLfl-^ «A S -J»^r» iijai (j ujzttl Ojiy C&U* 

. AjugJUl (Jji JL>-ji Aj^ik; 

J audi 4-iJ ^ tSAU Sy c-J * SllisH l-*** t s ^ u ^ 

Oj-iUJ tiJUlil ijUB' <0l*Jasi t Ay^k^llj aJL^JI t jl^iJI _ULu J^t 
t syrj I ^Lii" J* jsSSv t U^i If t l~A>j£& iyb\ 01 -U . I ^~£j>i\ 

c)^' (J 5iL~Jl; Aj-Js^JI »j2i\ ja <Jj>-\ iJUiil C-iT v-^ 1 • L-^v 

S^iJl « JL»j . ^.LNl JpUJI ^* CjK^I^JI iju S^iJl Olj t Cj\&y>£- ( a< ^..^^c- ) 

S^iJl 01 ^ili -LicJI IJlaj . JLit L^l ^ Aj^-Js^JI SjiJI i \*j*yr J t a^" 

-b-l^il ^yll ^/-Li . Ai>*-iJI j^ii IJLi»; jtSl i4-U> ■_ Hal; . CjIj^UI J Lie 

rr 



* 4 * 

ajiJl J^Sj . iiUiH JLit i ij-J^SOl j> jsiSC. ,Juw»I S-ULy t Liu*- 

J»LiJl ybj i^jLJI tiixiJI jj—isJ *JUI ^ ai* -AiJ . a^L. 

OjJj^ Jl Jyi J»LiJl IJu ^iyj . SiUll aj,_US ^Jl 4j-U ^U-i-Vl 
Jl>- ^ii S iJjl_j^JI jJcj Ji-JJ i 4 «.»,✓? II ajill Uiji; ^Jl t ILL*)! a-Uj . iLi* 

^p jJUaJ ^1 SjjyJI ^Uli-UVl ^ SjjjT oU^i j£c iUi £.j . uiiji 0l 

U* olyf ^ SJb-l, JT ^ . OjU Ji £>JI 4 ,0 ^1 > t>" J\ JJj\j^\ 
^ j . supernova jS\i y».-„.» <-Vv j^JI i<wa< JT ^f- j^-i 

. « « * 

>Ji,..:i 3-Lij jJbJI g^tt. .7 « V^J" » f uL-J-l a-U d)l -ut-jjJ ii5L» 

ft < 

^Ja- -UP jj^Ut jJIa!I Lt Ob^i ciLJ^S'l i jo^/l JuUJi ^5 c ajl'l iU»,Nl 

ft 

ja 17 "10 ij/ t^JLim V WJL. 0\ ^\ cJ»jyJil t SJm; 4_i UjwJ! o-^UJI 01 0>UI 



01 t Oil t '^LJ 1 ' t-»L^yl j£i . ( i 

L.jj 4*^ ^ t^aJI ol SlfliM V>> j^i! jJulSL. J J^Ml 

jj* jit jt^i ~*-~-^> CA>\}a~£l\» . Olyyi (t— <Ij f^-H ' \-*y£ <1 

Jjl 4J| * LiyJ L^ljS' dyjii\ ^.Jj . i-ki <ui «^ OLjjji J>v-iy *U*iJI 

. ^» tiJU lJw (J 

. y...>^JI ijilt J«i UiU tfJJ Ow ±±y. Ol v£ £-&yy& iy>rj Oj 

JiH Ci\ <J\ . i?->iH iSjr IT *krf£^ jij^J^. uj**-^- 1 .r^J 

t jlfeftl jt t scattering jUJl ^—1 Sij^JLl t i-LJl «JU *Lii . J»iJ( A ^ B J**, 

,J Jit i-L/Jt d)U tl* Jpj . (fyS) *jAaJoA jU..».>i-l LA.iLi J< t jlj^iJill 

Siliallj {bjfiS ja J*:-* J_- ^ VjLi . Likit L^i ^ Ol V jCiJI 

J^-lJt . V^Wi CAiy^ 5l>Ly Jp-liJI i^jJl4 ^-J» JiJ-l jvP- Jywj-jLt (jy 

Iju. l-w O^yiJl jjyi »Ut cJytJ 01 j^jcVj . £ j^i* ^ UlL OjJyi JiU V 
ic^i ,^JI ol^yJL {coupling Utjiti oyj>*-^ u^*-4-i ok 01 (VIjJb^ 1 



t LiLi A-L»£- . . . a>»j^ oLi^i ^L^v»1j . jj^* c)- 5 ^ f W^*! ,y ^J*^ 

^l, 4 Feynman j^li oUaja£ j" v JiCiJl J~» j> ^1 jy^3 ■ 

J,l i^ijj 4 ^r*- 1 -* J^—H ^"^r^ ^J^JiJl jl 4 jL^i^l a-i* ( Jp 3JLo<il 4- — Ja^^JI 

«-» 4 j^yii ji> ^ Ji-y ^ audi • -^b fr^ J* ^ 

O U^il^ jl^ . 2 4&1-, «*- j50 iis£)l Ojj* y», t graviton <^it> 

j^yil ^dbT r iju;i s^L. ^ } . t\ijJ&\ di-lf ^ Jp> s^L. > SJjI J* 

. u^— j 0U>^ 4W4I <*l— ^ t Uji ^ 




jl IJlaj ! Ic 4 oU.,.4 1 J^j j/i" oljj-ilyJl jl jo- J i ijj^di 

C - £ 

SjjiaJl jl J-b" oli^jlyjl l^*. j ^Jl i^_iJl si* Ji*j . A jL^LiJi J i*^-^ 

Jy L^a* «JsL~j s_-Tl j p" jl oLLj«Ji ^jjo: 4 « nonlinear » 

jji 4 4 jl ~<JyyLi\ ^jj-l jl i ■ L .,.., i? t «Ja>-l AjyaJU . ^»<ajv 

SjywaJl , V .>.-Jl iJliiLl i-k>-*M 4.«.,.j3.1l j£j . L,J JiLo. ^jl^kjsl ^1 jl 
. ( \ T N a yLiil jjiil ) s^iil sjJ> A. J ,« j .».'T 4» ; ,y? ^Jp j_ji«Jl ( _3ijJ* ^T*^ 

* * * 

t^jl—j oli 4 gluons dl^JUll LJl^-J *»v^!} i iJb-UtJl Sjiil Ji>- ^Sj 
toL^jUJl jj (^t tl^ L»J j'ij_a»Vl jjjiilyJl £. iJj-iJU . j^yJlT 4 1 

4ii-_»biy._j^JI 4 ^ »J «■ U ijjkJI jl tiDi ^« . « jl^Jl 9 Ob 4 O^I^JK' 

• l-rsf 




rv 



Jj«i; IsyjUII S^iJl j£j t SiLJJ jIj}L. >Juwa7 t5jiJi 01 kiiii . SiLJ.1 ioU- j^c- 

c^"** ( t — 1 JyuJI JU\ t <Jl*)l olilkU J.ULI) v^DI tfjdl ^ t ^4* < 
OjjUII lj2i\ jju 4jLU iyljJI aJl* j^j . J* 1 L^mi O^l^xJI JUc-J L«JUP JLiJU 

^ITJI^Jt JJ^? dJjT y&fl 0>T lijj . jjJb^ OiiJ 01 IV S^tlt 0t& . J»U*U yjfy 

iJb- <_j 90 j W Sjl>- fj Ajyjj, iJbT 80 *Uj ) JaiJU IJbf SfcT LfLT Ol . 

OjijiJI Z . * iai\ S^iJI £3Ul _^aiJI (J ^-..Jl 1Jl»j . (Z 

^Lj-i J oUx-iJl SJbbdl t 0j/£M <£}L«; ii>«-i JSOj . W+ J jLiil 
llfc JUaj £jl>- ^Oi-o jtUl!! £^*»>1> iaUxit 01 

Jl tf £ tr * w o^- ( J»> u ) ^ « > iJUill 01 If . A JC> 




■Hj J^* • ( ^ ) •A** ' t*^ 1 ' (^A 1 : «k,-- J> 5--A^i Ji£iVi 

<, ^Jyl ( yjT^I jt) ^t&uVl Jildl OS" Uj . Ja$ C-iL" A^b" ^'Ua^ ^p U> 

Ai-^ai JL>- 01 l5/ J^i JS~ l?j • ^ if ^ JlSLi-Vl 01 L$y" (JJJi s-yr ) UkcLl 
Jlx-iMl «JL* 01 Jjii isf ULl « JL» ^ ^jl^r p^ 1 .} ■ j-£^l Jb^ lJ ->^* ^p*^ 
JT ^ t JLvji <Cl Ja»V . WaixLl < . U jjUM ^oblS^Nl ( ^ If ) 54*U» ^JLJ 

iOp t dJiH JU- t ^JlI JU- i<ujl : ( ^-iS^ol ) Jite jjU sop 4 j£i 

j,kJ ^ t ^ < ^iiiLli . >bl! ^ UbM Jl£iVl 4 Ia ^ J^i 01 
. °360 jt °240 jl °120 ^jLj iglj, t 4-» Ja-yJI iki J^» t <uy~, J > 131 ^ Jp 
°270 j! °180 jl °90 r^Jfl lyi tf ji>.b J_p- ^jj a* Jp ^ 
J»l*v»tj t J_bJJ 4 "120 oW^a ft ljl JUU jSLiJl 01 Jb'o^p JUj, 4 °360 y 

Jp Oil <jl ^bjJdt .M^ 1 * • UjS^. Jp* ObjJ tfl ftl)! S-ubai S/UJI W . ^^JJ "90 

t'J~\jA ot>bjl iOt%> frljl 0IJl*U J-JiLI U . jS>l Jp- jij^" 

v-Jl > ^ it? u| ^* f jj^ jKiSii ^* ^ jsLi jr 01 . i^jai oi>ui ^ j-iu . \ j£i 



j* SyloU jp H\ >ldl Lb- jS Up J£JI ,>.7...j ^ yM 4_Jl~ >L2Uj 
t yioJU . SyUJt ^ ^1 ji < t£y IT t £0^ <^ ^ v_j|>sM) . ^11 y»L; 
UULhsj- lij Li i^jjJI j]»UJt t_-jy£ * <^Lf" JJ* ' £0^ ^jj* 

Olf Lw»t Lif 4 c^\M £ i dJUi . Li ?J*iJ bw>j jl 4 *>Ui ^JJLL. 

. £s\Ji>lj U> iLUJI oL-Jt oli J-J-l 01 UaLL. iulp 3-ApIS Ji*i . SJi-bs- 

aJ jjii Mi . oL_Jl ic.uJ! fr LiS/l ^ Li>; j-iU?! yd J^l eLttJl OS' Lc, 
. jlT »lf I g;t J ( « »L>^, o ) | 4 L<r^ » lil yb |f ^ J If . LjI Lj^j bl 
gs^wU*) • £-^1 JS' Jj oUUNl JT J A^i; y> t UiJI jl^Pjjydl^UIJubj 
( . oLJ-l fr L,jJ Lyj L>-L. jyC iLC lJUkj ' iiUiiL fr b^l 

Sj^iw. oLU^jl^ oliljjj ftljl s_uL» t Lliy^ oliL-ll t^l « i^JLiil f i«j j| Lii 

*■ 

jl»L« j^>!l jl ^ iJUj . cj^-I AjiJ- aJ j .JJbiN t aJ JU- 

k_j*>Ujl (^1 t <L»jJI oLlx*iNl Jj^<9 Ljajl Jjf_)ij . aJ oIjL»»— jNI frlj^ Ljaj! 
. J,S;„„.U ^lil »Lf I jju aJ JU!>U t (lip J (i lili . ^1 

jr ol_j-i, j^i-L ^ . ^wl 4 L.L? ui> ^4 ^uii ^ 

(IIP 4^ (Ja>c; J l». jllp ^ AJ^wJI Oly^Ldli . ^yS J»Ll-J 'uT^J ^ 

d 4 *5Li» 4 Aj,i..« m.II A^Jaill ^ai . Ajjjylj olyj»bj aJ Lf, 4 ta^ . ti 

lil *ly Up Ijb;- cjJaft ) _ r *JtJl «Lf L y^j «ty L. 01 jw»l^JI j-i : iiilSu* oULfNl 

4 i>U > jJ-aJI jp oUI/Nl J*f iJi-lP LL-i »JL* ^ . «LfNl U>i 

4 (^yjii «l.^«5n1I O'Neill J*L>ii- ) 5;i jl AjyT ^cwJL-l IJL* Oy^j 01 
Jp jy'l- U Oy<i 01 ^ Jbui ttfy&l OU-J-I JS} ^...rltT ttiy^l fL-^l 

jp UUp LjI ,y»yii Dl Ldp DlT N^j 4 Jyi* *Lf I J iSyl-L iL>J jtw^L-l (yk 01 4 t-ijy«H 
h.i/ilL y» *JL* ^Ll^ . .ilyo ^ Ajl oSyM ^yJ «y ajI <_jLp <J Ul . aJ Oyl iy 



jp. \ „- rtw , ^jJL^tf. V t\^Ai\\ t,\y>~\ cJlT lito , oIjU*_jVI »Uai}l ot talis*-! 

i ipLJI i_j;LtP al^L Jl^jjJl Jjiij c^iilU i[ t ^s!^L>- £*ta Ojj ij Jp 5li«»i 
iJbl -u-^ij J* 0};jJ jyt 01 liii Jp ? ^lji ( _ r S^p J Jp t *>li* 

. ^ Jp jj-b Jl jP^jLt ^ 01 l-i* Jpj 

ft UiJl >bi . <g>X>% frUJUVl JiLwil J^U a^-j JjU, iS>l jj olik)! ol^cll 
^LJI 01 Ov- ^ ' oLJ-l JU- J £U-iiN! J»Li*il OjJl* Jl S^L* syk ^UwJVl 
yiWI J»U*il 01 Jp OUjJl iJl5^1 ^JUi Jp aj . ^jljJI ^Uo;Vl JiLUl Jp ^jki ^jJI 

0U>J1, 015C1I ol>b" UT ^Jl JS' J* • /■ > ^ J>> Ju* OVlj 

t Lp^-i> M ^1 ol^tld) JT o-TUL i~.-A> J 4&\ Jj^— SO ij^JiJ 0^ . v»JuAI 

jcyjJl j^ill 01 0j. 0j-Jljj;iJ< OlT . iJUill ^ b->|j» j— »-l J«a; diJiSj 

0^j 01 c^JaJti t il . i~*Jd>\ OljtLJi J^y 01 (**UKjaii) 5JbJ-lJ>) 

Uj JjjjJl ^Jl ^LU ^ frUj^Mlj frUxVjj UUaJl JiLi*i| J/J 01 jiJasLl ^ 

jyl^i 0U«i*l tJi-S} ?i«^islil i^juii ol^tLiJI 0i| ^J^ll 

' < » » 

UL-Jl 01 : SJbJ! i3L-lL ^ ^J^l !Ju JjLJ JJaJI ^£±>\ Jl^S ?l^Lij ^L^ 1 

jji- Lt-i t ipa>- iJ-Uf- Jis-^L* J^i .(aJjI Jl j* Il_Jj1aUj» <iajL-l *J| t 

cjJ ttiyi J* « ^iJi j!^ iL>«i— U^p iT^I cj J* ? J>/U 



' « * * « 

( « handedness l^jjj » Uil JU,) l^ji Ol <jy Si S^jJI 5^JI Ij-uLi tili 

S-i— lS* till* j bJli Sl/M L»xiv5 bpi . O^j-lil i^r- OLio Ljy> LiJi lS/'^ 
S^Jt ^ J>ji\ j^J [aJls- i *_,?T ^Vl Lw»»«i li! Uif ^>^o . APilit ^-jj ^^laJLl 



tiljll jli» JULU (1 lil tj^, t.iU. ijLsJ i!U ijilill i)U-l .0*, .iTjll j UUt ^U* 




j jJ^LN cJ> .^tvJ 01 i iijJlil J i Jg II ^ Ol \ —?itl . olt* Oli js- 

i *Syj> j' ' jW"*^ <-^-'U aj ^ jj* Lg^;./a« 4 — -aj ^,^iJl 0_^j Ltj^p 

._j^Uil ,_/»j--a^. «- r '>i~>J ^ oLywil! ^Ip <_j -iJrji'V . j> jJjU. tli Lc, _jt 

j LU-lJu 01 t iaii JlJjl^j t L** oL-«> SjLc- oli»LiJ U-Up Ul 

Oj_^xiJj OjJjy Od L^l^p tUJ : ljkj«- J\j>-Vl ju«j LiJi .L'-up ^ y UiN t « uj^iiiL » ^jj li^ 
oU»ly»Ml ^--aj t IJu>- Jlail ^ c oUL*JI yLT JU- ^ . aL*4 j^ij 

<Jl t ( ^ J^iJ> ) i-OiAl J L. L^JI 5Li-l oly? J J»\^>\ jl 
flyiJI J 01 Jp . -uJiib. Jp LjI Jli. ^jll . iSj^ oL/f ^ v^JJi S\ ^ 

liU- . ol£c i_^Sfl U;l jL' oij t ^yji'j *U»i)lj ^iL* iL» U ^-J oly^U; 
Ufil 0jyj_^J|^ Ojy^JVl LL^tj Jii . ii>»-iJl t-jMiM ^Jaidl y^LJl ^ ^».>,„; 

' ifjrtU ^Ty jvii; \»i-M ol ^ iJl<> t L^-ir j sj^Ij i^sr^s ^ . oj^3Ni 

JjVl o>yl-l : P) C j T j P iJyW jytjlj iijyv oLL*Jl »Jiaj . itf*iJl ^l^-Jjj 
jjfl ^i>! :T .^-l^Nl jLiiJl >Ud( :UI^Jj c SlSLf <^t t Parity iJT ^ 



01 j£r to* Jp, t t Charge i-iT ^ JjVl cJ>l : C . 4 Time iJT 

t jl CPT SijJii iij^ ^JaJ| a -U, . (j i t j ; f w »i* ^l&uVl oUu*i ^ 

l/jja^ ^11 y^yaJl jjiuy L$ ^«-« iSljil j *jjjw» Oj-JLij-iJI ^i) uU^J-l -la— Ijl J 

Ir/^ilfUil JiU^I Oyli 01 Jyi La^. Uj t C.N.Yang £1 £J T.D.Lee 
j& 4 j L^>- iWw. iL'Ull ot Oj-linu villi JJ £~J-I Otf . UjcJail Sjill 

OjSj-l Ai-UP . 4«,«.^H ijiJl j l f i>w» Ajyr«^b j^i? 01 Jj-I Jl Jp Jai yai4 ^ 

J i_-l£*;N\ ty!^ 1 i-l^jJ ijoJi; i,^ t C.S Wu jj ^yJ. juJj t^y-l i-^^! 

0^3 i 60 vZ-LyxJI Sly j> Lj oL ,.r 

v_i»jll iiiait . (Lj Jp L^ljji C.iy>3l tiy ju- J 5___JL) LffcUil J^jJ < — i»JLA> 

iOljj-Ui jyt Jy^ Jp t ( ** ) o i -Ji ^ oly ol £&a^M\ <. \ \ ci 

ipLJl 0];ji ifsr »b£L »)jJj U-liP (^ji) ^rlP jl «.—.■» f-Li> »l^b 

. Oi~~JI £-i ijjj «b£b j-UdJ 0l C I Objj^JVt 01 jj »Jj(-j -Aij . ( ».Sj^j«il 

Jjb Lf ti-yx** A-LaiVl 6-Uk jt tjy i\J\ j iy>Ua)\ «JL» JL>- Ji 0^1 oJiJ lilj 
jJLi Jp Cjjj^ lil villi Lf xc . Jjai «ijjJbi) ^IjJI viiSvwkU 01 Jp ^ 

3,^1 01 viU Jji~- 4 iTj.. j LiLiJl Sjj^. Jl Ojjay ULi Jp «J*i-t 

jjp iULil 01 Cn' ; ij/sJI 0i . *Lp^~w iykU» L^i »x*LuU Oij i-ys** i^l^ll 

. <^jliJI viKiJl j 

0j-L* iil^' cij i *i-«-^JI 0!>ULiJI (j i.lp if iJLJLJvl JiLUl ^ap 01 u^' OiJ 

01 j» pJ^Li . Ipb 0U^ t y^j (e- ) 0j>^1 Jl 4 »>»j) ii*^iJ\ v_JLJI 

j^UJl Ojy^vJVl lfj>- »lf lj Ojll ju- »Uil jju*- ^yCc 4 S^iL* -oLii' ^yCc V y^ssJl 



^ > V«} iJS- « ir>W « vyJI usoWl 4>f J*^ • J LA* u-^^ >b- 4/t (*) 
s-L*! tf4J j|T 4 08rfl<j^iM v_-L*t tfaJ ^L*i J» Ljv UUUw aij .vector -^(**) 

.^mi Jfl l^te villi,. v»to" 



it 



' o^" -^J ■ ^i^^Cdt ti* j* 

jw if*- 01 SIJlI J U>L»- Jl jjaili . ^ X J^-iJl J # ±&JZ il** Ail 
jJuai 01 jts£ j Oj/£Wl jl tSj~"} ■ Jl <^r- j-* C-JUjl A* Oj-il 

Oil sTj.U . IpLJI ^-jjUp »Ul jj-^p- J Jp l_/b <JL>- jju ^dl i^sU 

j^Lall jtwJLl ^ aU^t^ ( a*J6 ^jp J-^l j«wJ-l OljjJ ifar ) Jw-JI «W On «**^*Jl 
0_^ iKo 01 I4J.U ^ iJu4 ^51 4 0U2II ^ Li*>Ua;l Ji>3 b>*-i til L^J 

Ot 4^1 4 i~j/t^)i i>«~Jl 01 jli 4 ^Ljsl* >i>^ ( e + ) Jl (^ + ) v^.r' 
4 ^"jliNl t-U Jl sliSi ^3 • > "V J^-iJI ^ V'LA 1 <^ L?y if dJl&Jl 

jjii" Jj^-sJt oJl* OJ . ^r^t^t ol*^l « 4-j*5UjNI » i>-jA!l ( _ r iJ Jp t^*^ ^ 

t\j\ lxA^> OjS-S ^t OytjiJl ol j^y^J . S-lUail «^titj oilit Ji>\^i\ 

H~ Jyi ^sJl U-jJI) (C) i>*JtJl v ">U;lj (P) j» iitUll : oi-LjJI 

0tj!^C<^cl^UI>^^LjlL^oU 9 -*.0l >Wu jji/ oil .iL'Ui iil^l . \\ j£A 



. Lfli LjL, l>b- Jl/U (CP) f Jt i^^jalt 

Oli t (DNA ^^A-IS") ^jJU £Ui" ^1 ^Li Idlp 01 ^ . O^Li^l c-jM 

lt? 11 > J ls^ ' 01 (/~. • ji^s J**' ^ t\ijs& uy(>» J J**» ^ >yrj 

■jS\£ J^\.jJ\ jL-Jl jJN iju-iaJI 01 ji* JIT Jij . ifijfy jLJI iju jj i S-^ 1 
j&c ^1 {Jjj 4 Sfti^JI ol^aiU 01 \gii s-Lij-aII £>j . JU- *Ui ^ ^1»I,JI JUil 
Ol^laldl Ji . ^Ulil ijXi J»c-J Ol*- ' <^>li^ J*^*- a* ^ 

. ^UJI IJU j^j Ji> tj 
. jUII ^ilSOi Uo^ ^Ull iJjLJI Iju, . ^1 y: V UJUI Ju* 0j/£NI of (^f iT>l 




tn 



ji Jp . aiCjJi } < *u*)i i*ir ^ jvi j>. uLiiu ^it- oi>ui ji 

<jl>mJ jl jj^-Sj . i>«J< U^dL^a*- jj>J t iJL- i>««i ^ i>w 

(J| JjjL _,liUT Jkjt-j,; JS' I j| l^P J*L~i Jl i A&AS+iA ii»i-iJI oJlS' li[ i jVlj 

ol>Lsll JjUS tAiUJIj £li-uVl .blips' cl^T obi oyl^ii .J^UJI IJla 

i-v»L>- J] juio If jv^l iJb^ i-^U- (JJ[ jj^j ii>»^JI J»L»^I Jjil* ^-,£3 . 5 < ,«7,.Al 

^JO/sJI jkUJI Jp Jli-i} . (^Ji/i iis-«-iJl JiU*il ^ Jj|j-~it JU («>-Ji^ t vb> 

l jaJ»Cj UJLui . i^-lDI jt^bja^l 5y»U? <j ^Xi c i-*jJl SlJ-l oLyf ij>-U 

Jjii t JJi -Uj <-jLJ^ Lficii j^jrt^.i "*juJo t diii jt^cdi Ajjlaf ii^aSTj . Jill 

. i-JiJl w^idl Ol^isll tl;! >Ui. iUaVl ^JijlU JaJ^I J>-aJl jl 

Ji* £»J fj^JI JwJI ^ UJL^I . ^.jlA) ol>ldl Jp 3JL.OP Hi.! frljjiJl Jj 
JtMi jlio ^) ,^-4-1 t^JUl ^LLjill JyilU jU5 diiOi iij^all SiUaiti . U 

oUUt^I cJIT lil S^i* : jlUI gl^Jll j* 4lb_» c Jl^-Vl JT <j t ^ ' (il^L-il 
^JUI ^U^l 3y>i\ & ^kJ jl j>JI jJxJ v~JL i-JU 

. 4,^0)1 jAi^ll jU>-l OljsiJ cl)l yiUi jfeLj Jil ilU^i . J^a>- 

jUi-v s^ii AiUaii ju t (jL^r ju j y»i ^ iju^r i>^, > 

-up <?SS) ^jj* dfSS\ lili . i>^iJI jLi ji^>Jl j^dxLlI j^SOl J> VI 

Ji,-^ oViU. ^ U ^bL7 jil Jbrj, . l^uJ Jp aj^all iiUail JJiJ t (jjxUJl JyU 



tv 



i-^LJl olyMdl O^Slij-iJl ^i»y L* L^jyAl ifttll iit.Nl jl 

-UdJ (( S-iU-})) l^t Jp ij^SJil ol^Jildl p+L jl s-j-JJ ^jCj . gauge symmetries 

^JU^ Jp Jjj i.U £>U JJa; t >ldl L,JI >JI ^ku^ 4 ^wJLA 

. supersymmetry jJUll J^lsiS ty? Jij . oLUwjNlj 

Jl ;yy jl JJ °720 ^jljj jj_u 01 v£ O^yiJU * ^>3j^ V: ^ ^ ^ Cfl W-" 1 -^ 
y^Ldl cAi-p jjy- jl Jp <_£jla^ oU^fiJJ (( iipLjall SjJ.1 )) aijbj . jlM ^Jl 4-<w»jll 
. ioUJl ^L-jf-Nlj oLjj_jJI <^-0 <up oU^yiJl <_£jJ L^Jbr- 4_jdb£ t CjUIjjJJK' 4 

oU^yiJl aJ Lj-JUi. IjUal j.JLL Ajl ^ft jJUil yaldJ SJUoJ-l L^JI t)l 

^ ijJUJl L-«jlAI oLLjJI jlisl ^ djjji jl j^S^ lj-*j . cjU^s cjlij^^JI^ 

J W Ji tSy 1 ' -i^*! 1 iiUiL L->L, jJUJl yaLJ\ oLUp JJU jS^fj . (^jUJl fUiiJI 
jUjNI »_jjiAlj . « superspace jJUll »l„^ill » j U Jx^-i 4 a*j,NI jlx*^l 

jli IJJ cOU^yiil iipUail iL^JLAI Ol^-JJ t JJi/l A*j^/I ^ 4^—^ jl y» 5JLi«Nl 
^JUl ( _ J uilj V^j^J C i t oIjjJ^JI ^jj l^jj SJLjIjJI 4 «i : J>rV*'' 

cJ^brf-L oJb^ jjJip jijij^" fl/rl 01 ji^J jt J#-Ji . jtj*& 

°9o i_^ jr ^ji) t jy> ^ijr jjjjc j ^Ui ^ r jsLiJi . u^v-i 



iA 



J SLiJl j> oiftlj jfl lyj j jjal dl anticommutators S^Lill oV^l II 

. JjSU iillie ^ J* LU^i 4 ju^yJI ^ L-<* JiJt ^l^JI . Ay- ^tlJIj JyLi jjf- 
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Superstrings 
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Superstrings VU 

W A 



ji J>J! la* Oli 4 LiU. -SjliVl cj +5jLiNi Iju lijj . ^ Y 0 + x O 
: Jyj oU^Ll iily . cr £*llj Vl^l jU&I diL- Si *H^\ <^UJI Jl£y)l 

* * * 

0Uk£ « OUsU-ls 4 U 0>- Jl t 1*^1 (jfr ^±)jJ\j Oly-^ill J| Jail Jl 

jjy jSllj . Jaii ^LJI 4_JU-I JjLi. jJUJl jJiUl OVl sL^yl U d[ 

jrti >L" I j (IUJI Otf i| . ^1 (iU ^ Up j*p oi jJUJl >lsll 0tT Up J£-J! 
i-Uj .CjUjjjJI^ oU^jiJl (jy CJ%^ai\ Jp yiL. (^Ljj 01*/ jj^Ji 01 U J>J 
kiAJij t I-Xj-*-; J£Jj t Wjl5j< *- l i jLi iAjjV ^ J*^ ' ^* ' ^ <^"i 
. jjU)! jtldl Lo «_j J£3 o^jj 01 iw^i <J\ t ^joSLaZj (^r* 

iJU-l ^ ^Ijjjill jyl^ JiLJ *>Ui « » 01 t J\j>-\ ij t L. UUi 

JU-jiaJI d£s Jij . ^ j;**Jt Jb\X <L->- 4 ( N • _ ^ SyLiJI jJaJl) electroweak 

■V 

Jj ^-Ua; 4photinons o 

L^ipLi; 01 yb j^l LjiLJjS'l ^JLp 4-, jl JUy . oLj^iU iSJLiil ilJiVl 0^ 

Jiyi! la* Jpj . jyuiS\ ^:„, LLiK' kiiiiM LI i^ai 'a^ *J4*^ ii^'ni s^lil 

* * * 

4 oL^JiJJ 4_5Jli jlOJb 4 gluinos oL*jiyi«JI ^e- li* c->Uw»l 
aU,....U tolj^ijii! A-yj>^ iSJlill ilajVl Jj>-y OJOiPj . oU^jlyJl JjIa* oi^;.:.tl yJl 
JljJU ((iL^Ml)) iaJUJt jlaiMl 4-La . sleptons oLiyl^j squarks ol^l^- 



Jl jLis Jl^-U 4 S^l* s^i Oil y> jJUJl Jjldli . jS/t ^ J*»d\ SaJj 



y-gU^ll *i>J J^Lio Ji^X. jl JJ j^l jJDi oL_> Jl jUaiMl 

jLi jJJi j^J 4 SJL. Lpl>L* • ^J^ 1 0* My 

. > ^ X \ oj-U- JLii iJU% V-Js^Jl -X>-ji Jaja£ it^V iJliil 4^UM u 

Jij . py. ... ^ > ■ i>l«JI "II A^^laj iJUiM ^jiU^ijI yJuj jl Juu dJ^i ju 

jl£ll p_i> J j-^j" ij^JaJl i--jil oL~Jl <_£-b~l 01 4 r \ J 4 l^yi 

* c * t t * * 

jj^J 4 JliNl jj» l-i* J J*Ul <_S-»Jj . Oli SJj-jT Ljo 

dJJij t j* S/ju iUul i_>- J iJliill UlLl jjU^jI cNiUw k.^. jl 4 Kaluza Ij^JiS' 

. L_U L'Ui Ijou 4 itL-j j£ 4 ^iUt jl 
^1 iU&l ^Ip J ^jLl ^uAll oti SJbJbLl ^LUl oVsUl ji.U^I % jl jJJi . ^ 

Oh? cVaUW ^ i^ltJi liUxi yiadi ^Ui^I ^ ^is^Ji 

' j^ 1 J^i) ■ S-As-lj Aj^' 4 L^dT 4 i--J»^Jlj iJUill Jp J^a*i jl 4 iUjt A f 1 - J 

O-i^ lit. (JLu jl 4_^. juLI J*<t i^i-l iU^I 5>i J^i jl LJ . J*iJl 



»jj> la.... >->\yr- ' Kle »i (ji"^" j^-l ' (^Oj^JI ^\jyJi\ jl JiJ . c _ r — LsLl -uJU 
L»ju«i . till Ji, dUi s-iJ tiP^j • ^ j~>- c3 "—^ J* <( C*^* * 

lS ^ 4i^a»J I i\ viJL^J . £ _k»- iSj^ (Sy^ -Vv /^ l-i* jia^" 

j^aJ . ( ^ O JSCi ) <_^jVl Ja-^ 5/b g Ja-U ^ai; ^iD jJU OtTU ji 




c z\ju\ ij^j *Ljai jj Ahl, t 5jIp t -cjaj l» jl ^1 . viJUi <uij Lil^ 01 c t jd*^' £* t Oil 
. (JjU^jN i^jJ ji»w9 Ifla-^ 01 _y* iJ^LUJl lj;y».i f-XP U^jh v'^*'-' 9 ' ^^>-J 

KLiu ^j* t a3 jUa.1 t *Uill jw> C—J . oiJUlJI uil? J> JS** 

^ Jj } . *\Ji J V t ji-U, J dJUi j^-aa 0* ^jlai-^ • <*~^ 

(I LJI J Oil y>Nj . SjiJI Sty >i ^ 1? - 10 Wy \f\ t y*~~< 3 °- 10 ^L-" i*J 

If W ywl js*- J ^y^ IN <oV c^lyiVl ^UU .uJI II* Ji^ 

. 4jjyll OjJ oU..>~4-^ «-Li>-* (J ' »>r c 



. jUi -Uo i/tj *iLi>- ^ jyti Ji Will iUNl i^i btii ^ <l>Oi .ly U> . 



^ ^1 OAii L^Js^Jlj iJUill jL>-y ji Jp ij . L.U- jy->- a^- s_u 
Ji ^ j5j ^ . Jaii jcaJlM t ^ J jf Ui^ ^ 



J-j-jj Ajjjal Jp jjioJL; JU^/l cJv' ■ ^ LL*-i> L>-_p Jp S)j-^> Uly»j 

j>*jj jl U j£ i ojytil ^J*! c£>Ul j^. t U-U-j ^...Jff^Sol jl ">Ui .j^J Jlii . 4k..-; 
LJUb iC-^ (. V — ^ S^Lill jjij! '^.j*^ .iL.bij^JNl i,^) Ljii ibb.L 

<J\J^£\ fU- ^ij . oijJI dUi J tJLsj- c->-f» Ji j& ji <^k^ ijy& j>J 

jL-SjV f LL*JiJl Ijjk J iUK" jji; Salpl Jl Lpb iiiLlI JiLi^l f_ip 

^1 L-j_^si Ayjj-i ^JlL" ji -up i>-UI ijJaJI j& t iJJi ,l.«:7 f Jij . LfLu J Jl JlI ^bJl 
. I_t>- iJlp jjp iUUJl olilUJl i JUL iC~«bUj Li « ..fr.ll Sjilt oLUp ^^ju J 
t L-JsL, 4^w-\^« jip Aj^iaJI CJlT >iJ3-iy . LjjLc* ^ t JL^/I (Ja** J i CJl^ L_p-^l 

. L^-L-l J ^-^^ J^" t J*- Li.«.^ !» ijJi obj 

jl fJ Jl ,0*; jj.) . sj^-Ij io,^ ^y ^ ^ t ^ ^ 
j^ J t O^I^JI ^ i±Ji\ ^ ^ ^yi J o-J oLjjjJ.1 ju syji 

x*i .v-li/l ^ oLjjOil ou 5yUt jf ijZi Jp jLa„j cJ^" JjVl o^jLil jf 
\Ju^a SJvXlJI SjiiJ U-iy t H.Yukawa ^.JL* t JLUl Jl^JJI j^pI ^ <\ro 
*JiLs SJ^xiJI 4j _ilJ J^U ijL-yi ^I^L jJLJij t^^Jl jJL.b^^Vl ^ 
jl JJi J* jw ilJj pj-jj . pion j^Jl ^Ul _^JI Jl ^jf Lf t L^ LJ oLjjJj,l 
jf iAJi Jp aj .sxo^JI Ljyll ijiU ^iwj ^ jtfl fjiiY J^JI J^UI j-iy 
iyJI JU- j Jjj^-L. jl^p Jp t coli oi SOi-LiJl syJl oLU^ jLf j oLLJ-l 

oi 



Oli i iJuAjJ\j i a.,«.Jall : Jv^oJI 1 1^1 . ol.,:,......*.^! J ^-jsj iJUill J IT 

jjLuijjl j <_£l 4 ( jj-^xll jjp- c^t ) ^-Uiill <_s^~Al Jp SJLJlj i>_-^ io^JaJ 

. l^X^ws Jp Xij^JUs OJ^Ji i^jw Olfr^J J| JjjLJ 4 dJJj t3y 4 . -b-b>db <L»UJl 

J-JJ . L,,^..s Liw»y ilUiU jl j^JL^-iJI JjU- U.lp ; . -.V 1 i. j. ^W 

lyr^f- t 4 a,.«,^a,ll S^iU cIjJj- U jI^p Jp t LfU>- Lf 4 j>p yiL^sb; JLJ.LP 

. oLL*Jl JauJ J VI ^ t/b ^1 jp 

t ilUiU 4_*j^£jl ii-Lwiil oL;_yw jjJu^ oIj.t qLm. ^JUjj ^ h«« jlS' 

JnJLj i.jLLfcJI jil^jj i,>J J*si ^ c -kii ^LiJI ^oll J (IU1I bw>l, ^Uill jV 

jl j> I Jbr- eJ"w»l <_S _/>-^l oL«.-.J-L; ( l$v»l U;IJUtfl ) oU^iil yJl Jl p\ jl . 

t L^«>jl ilUiil J t oLju./ill ^^xJ . o L..»* -l *Ij>J j I^L* l;jj iS^y- *->' c>* j' -"-^ji 

4_^JI ij^lajj . i_bJJLi!j 4jL*JiJI : Jv^aII j ^jjLaJ ^Jl .^JJLj ja Juil Jf (J cJl^ 

J t l^l<^J i>w> Jp j\^pVIj JaJi ^-Jj 4 ji frLjJ j J,iJu<aJl j5y« oUJl 

t * * t * 

l*y&^>- lU y ..i 4 JjLJIj i>w>l<^, IJL>- iJL*P ts j ^ (J*- ■ >;*■■•' \)^> I—^jI 

JLJU J.«..aJl Jp Sjyw jjl 1^1 . 4..,^« iJLitii-j^ J**-j ' ^W-^ J ^l-Wj 

. -Uu^jl jjp 4jlJb?-j 

i-jili-l, S-US/I ii»L-JL ^ . ^| ^£ ^ LfrJLi ^1 ijij U 

.j-L^fl ^jU; v-LVl l^L^i jl jJUi Jp . M ^_JS j juj^il iJU^Ll 

J-^u- ) a^i;l y^uii ^ ^ ij^Li ^iiJi uiL-U ^ t ^_gi 

. ( (( The Ghost in the Atom 5, jjt J ^^Jl t Lli' Jl ^ j| «^ulL ^jU-I IJL* 
jJJlSLj . LtUil i_-Jl jjj^i L-U jt^l t oli-kJl ju^» Jpj i^. , 
iJU-l .LjJj S-Sy^-b ^ l ^J^ 1 Jj 'OLJ-I fr L,jJ j ibl ^| 

j/b • ^!>j ^r^ 1 "h)» i> r^" W 4j J -r 1 * !, 'jr* 11 **os» ^ «^ jll 

Jf 4j^Ja; j^' jl Jl Jt±f iijai y Jpj . frb^iM k-Ji cj jjja^j J-*P Jl>- Jp 

. JliHo* ja jl 



4.a,,,«,Ja,ll : ^ ^yV^y. OyS^jt^^ jtS' C&>- ^ y^y^ J* ^-V^ 

i i.>,..bj4>3\ lybSj iijcJaJl SjiJl jl jjjJLi (Jui^Sl oL;.;.Jl JJIjl jj . S-b-LiJl} 

t 4 . j-kf-l J ii-Lii* Oli^> LJ> c ^>Ja_Jl L^i"5L>-l 

SjLjwJI a_jiJl <j^»^' jr* ^ (J* • 1 l> ^^)jy. ^ oUy*£- 

jLJl^ ii^wJl ^*^ja> ay>-J aJLP ^ jl^-ij (( ^Lw> jLj )) A i ■ » ..,/> (( 4^>t*i » j> ^L*! 

i— Sjill jjj ijL^JI ^JLP jy^ijl ji y» jiyjill jyU jy <yl JyiJl jl 
L^iJ a^lll jlj |jj>- IjS ^£ Oli iijwall ly^\ Ji>- jl Jo- <J t <_£.dl iL^ls 

C-il^J <_£-Ul Jjis J 4 i,,.,W^£ll SjiJl ijjLiJ itjjwaJl SjaII C-JlT yj . Lb?- <_£-dl 

i-^UvT j^j ^iJl y> c£jL*Sl ^LJl IJl*j . ^-Js^SsJI JaJ-I j Jjj— 4JL>ol 

j^" jl dUi . ^^Jl JliJl Ju-lc 1 ! v*^ 1 

. ij^l^Jl i_«L;jJI J JJr-^d jl iJjLp JS" ^ jjl y> JjLjwjJI a^iJl J-«ly- 

diJjl v-w- jlT jjL«3l >LJl II* jL_£jU 

. 4_ Js^^jl a^iJl ^ 

L^r jy>o Ji -ol t 5Jj- Jp JT t ^>LJI j-p JU#j ^>^(j y 1 -^ J v « 

. 4 a, ..^3 II SjiJl j i^jL^ 1 ^p-io jl jji l&s jl *.».*. JtW iyil Uy^- 

iL<ll a JJ. j^Lc c ^.L|jJl I^MjU* J J\ t ij^liJJ ^L-Nl i^y-ll J ii^ ^ Nju_. 

j£»I .iJJijj . 4A,o,^l Sjiil Ja^ J JjJL^ ^Jl O^ULiJI ^a*J i>^S' (( LJliL' » Jf J jl 

.i.-bjjl o^Ull J f'Uil jjLJI >Ldl i^L 1 i-Jai 4U^3l jL^i 



t Ls.lv » L-Jlil; jl Uu*^!l <£L*JI >ldl jl itttfJI j! 

^jy »op J iiJLi. y»L> J Lj'Ui; yj>ldl jL-£jl ^ ^y-t JlSLil £. oLiJl Jp -Ui^J 
. ^jlLDI JJJlSLil iy-L. .k.-i JliL Ls-Lajl t ^ 1 JSCjJI j < ^L!l_, . tl^l j+ 

&ljl <LLjU »JL* aJU- ij £-J»l} jJiLdl jl . « X^^&a <*J )) ^ja-v i»J ^ j_j-aJ 
^iil »Lfl ^1 Ljajl iLJ-l a la J ( _ r Jj . i*Jijl i«JL jlil JyLiJl Jj>- jl;jjJl 

— * t 

\ Jj& j>-\ ji^cjj . WIl^ Oil »ji>Lu LjK" iUUJI (j;jiJli : J yli SJUi)! Jwi jN t J.^a* 
. iUUJl (^Ul J ^l&l >ldl jSLiJl IJla J ( iJUi-l iJU- J\) 01 

(-^ C j 9 - x ~-~' ^ • L ^ ^ 

. ( ^ 1 Jiv-i ) « j Jl^- )) U jl£« j ijujji jl U> Jjb L^Us Jl-Loi JUjj t <«_i3l 

<ojL»-l ^jjl jt . j—^Jl ai JjLJI ^tldl <j£J <. Ji:~ • ^i>ji\ IJl*j 

jbld! ^p^ju* Ju; |i iJUjL-l ilU- jl ^ « i*-ill ^k«J LaUM JjjJl 

«l» ^yi\ pel Jlji L. gj-iJl Sl> <^t c >ldl jL-iOl £^JI I.L$i . cs^l «J j^lSCll 

. « LJUL" )) v — i t^JJl y> 4 LJli 



. Ujl^ LJ U>U o-j oi <*j!*A\ .j> oi t/' . >b» y-^e dJiy « JLJI 



jliLJI jLm&VI ja \££ -<J Z jW oU-J-l Ol r >U! Xs-j Jy, 

Ssyry >ldl JJie JSLiJi lip, .U^JaJI i^ll J ^t&l ^jLJI 

4 ij^Jj^SOl S^ill Sl^L-ii ^JL* jjp Ol ii-iwail SjiU IJla Js£il J-i«y . ,^»»- 
Z j W Jli i_i«iJl l^ySS\ iJLU J U . ^>i> LiUyi i Ot U 

^ U j£c jt t L^sbT (Jae 4_-~< ^ ^jUJI >L=!I OLiCw N 

. ,j>f— M iJLsS' <^>\jjjy. j** Ji>- Cj-^j ■ J*? >^ ' 4^" "^V^ Jl ' Higgs 

iijuiJl SjiJI S-Li *3jjaU "^-fr (j2_^oj ^X£> ^^yij^ f^-* 'OjJ*' 0J 

Lj, t^JL-i Lulls' Jy[>iU 01 kilii . V-J»rf53l SjiJI o-Lij S-ii>J.l <j 

ibT 80 Ll^i) U- M 01 Uj . W ^wJ-l M py J. ^ ,Jlii^I Oj/i^J 

M 

* t 

. Ijbr ^jw» 4 <uH kiU JL If 4 (Ju»uiJl 0l/»"5U iJUill S-LiJI 0( ( VjiJ/ 

. t = gSin0 j^c- 0 SjjI^ SjIp jl^j . AijJitJl lu--j — i>..JI 01 

g 

JL-J! SJjJ! 0 liSUj . °28 *U) L:! JL^-j 0»j . Ov«i0 <*Jj 

^1 ^ ujU OUjJl OIT 4i>J! a JLA ^>J| jL^I C U. 0} 
OlilDl J ^Jtft iJjL. 0! iJUi jj . ou-JiJl JpUJI ^ ic^iJl ipvjl ^jjf 
•-^ uk J>^l Jl ^-»Ji i-yjULl OLUJI a»U» Jilj; 01 . Lie ^ OUJI 
0^1 80) M ^U; ^ olilWl ^ t 5ji« 5xij iL^JI sy3l 

• \->j*yr ObifUai* Jujill 0t jwJ»i ( 9 10 = 1^ c cJy 



oli^dl jp- oUj^/Jt (jtol) scattering ^UJ y» »Jla JU-jj . ^-Ui) cilJi 

j> Ijp. <+y>- ((Ju?- v> g^jN! SgjJI <iy*Jl jS>) CERN ^ £ \ \VT 

_f*>L- —yfii- ajJ& o>w> (^-U-l ^fij^ -A*LlJl U . J Jj'LJI olp c5y 
Z j W ^bJl j£J Ujl* c n A t ajIjuj > <\ AT (Ip J J! Jii ^ 

' ' ' 

J il^pL ijjiaJI l-l^*- jUii ,jw~JU jj-U VilsS' CJlT . Ljajl 0^~- 

.e 

group *ija$ cA~j>\>)\ 4 fi ol^Mdl jf- iLjJJ-\ jl 

, Pi-* J matrices oli^t SjU- Ji*i ) i-M^I OLSIS^JI j> •/•)% • tneor y 

SjL jjOj- Ud^ 5>lw. Jii; JyijJU . Syljji >b" Ja^-o Jli^S} . \* oJji ^Jl S^jJl 

<_j>i ? t u(i) ^ u y A ijAj jsjai ii* ^ ou^j ^ joLi jjpj . Uj$> ^ 

^Ld! ^v4> jjbJuj . v^" iw»U- t (^jJL-j) unitary iJT ^ Jjbl! y» U 

t SU(2) \xy J3 JJLL l-uiJ jtTl S^j £. U(l) SyjJI ^ ii-w-^JI 5^)1 01 
i^ilJj .1^1^ J^U;JiU^N special iJT^jjy I <J>I ^* S 



. SU(2) ja \jJuS }g\ i SU(3) i hjLe- a ^ JUs* L^jl i^U ijlki . Lpl>JI 
liJLtLjJ^M^]! ^f^Jl «JLP t o L' . : , » ..., J l Ja^xl^l t O Jij 

J* 4 !) 2r*j' l yi) if Jl (Grand Unified Theories GUT £JoO 

SU(2) tjcjjLJI Jy>^jJ^ tSU(3) <. ^ySiiS >lL*\± i }y>j£i\ lyj ci-f^i 

Jycj Jj |/>- 0 Ja~-j!t iyy V oUaJa£t «JL» Jj . 4 ... ...1*^1^ 4 4\,<>,/ilt : J^iU t U(l) j 

. <j;^iJI ^L. oljyk Lil* ^ji 1^1 ^» j>iOl _L?-yJl ob^kJ i.l«Jl c^Jl Oj 

o^oit ^Aj t ot^l^iJ i^j ^1 i ijiywJ^^Jt SyiJI 4 olj^JJI jJUJLi 

jt) oU^iJ! j-u- grjL-i cJ6j\£i\ zJs- 01 ^ (jji iljLiJI IJU J* JJjJIj . 5-O.LiJI 

. ^-SCJL ^XJIj t 0>J J! 4,1^)1 Jyi 01 j£c X ^ J^Li . X ui>L LpIa- 

4JUI oliLWl ij Ul i 4 .htf-^il oUlUJI J iiJLkn Uyr-j ^1 ^llkf LiJ Uj 
Jl ^ oyd 01 jxc jUNI Ioa Ujlp ^Jbi ^! 4ilUJI| . 5a>-lj iji JSLlj L»* Ljir 

o^iJI ^yjl ^ c--^ t Uo^ x^JI 0! yiUJ! i iU^w^l 

J-^l iilt ^ 5^ 1310 ol^L ^1 JJJJL3 U^Ldl jl-^II iiltj . ojlii. olxi 

. jL^i <; g a ^ ^ji ^ ^ y\ yUa ^ t ^^soi 

olilUJl J ^ jli 1 ! IJub 01 . "*ijr. ajy^ j OUk^l t OLjJ-l 01p>JI 

1 . 



tijyjy. Jl 4)!^' ^J^i l-i* ^lUa* 1 ^-1 cjj . kli^-ia 

^ J^-; J^JUi jj-Lpj . ^Ui« •4!^' uy>^ ui^j!>^' J^*^ Ly**-^* 

•j» j^J . jj-^l -V-yl* ^^r^ ^JL^ 1 ii^L* ^JyJ- :>U>J>1> •-'j*^ 1 ^1 

iidd <J>y*>-\> cJlL3£ jji^ JpI SJUj L.Ip 28 10 4 ,Ju-S/l £• 4 £j|yS OjJj^I SL>- 
cJlS' li^ Djjj^Jl kii^jL" S^L* >J» jl I j; 5~ ^ jJu ^^£1 . l,»L~J- 4>Jj^ : .... U 

j£c jjy^Jl jLii - ,J JLi>-Vl jli IJl* t L>U 23 10 Jjlsl <uL>- 

. jj-^Jl -A-?-^! ^^J^ Jl y-b jl 

oLy^iJJ jL^IU (Jti; jl kiJlSCflJl iL>i\j>- ijLiS J A<JLiJl i,^! jl 

J Jb-lj (JUuiTU j/u jt LJ j£ 4 L.U 32 10 iyj j* il^jjyU (^jk-jJl j^JI jlf 

. Lyy^ 32 10 i^jjii U t^yi ii-Jl 

i 

f^s;^ Opr ^Jl 4 U(Jl»-i siJlf 4 J-JJl l-L* iJbJLP >_jjLf Cupr-I JLi! 

jt ^ ^11 o^Jl i^Vl ciii, ,y JJiU jpM jAj ) t^Ul in* ^ J?** 

i-j^<jiJl oLipl^all ^ ipy*Jr <j C alp ift-T fU £3jS~~« t ( doU-l 

IJj^s ^Ja*;- (j^j/J 1 ^ dy»JL* ^yj« <^l» . photomul tipliers 
<Ji-ti' y ij^ll *_>oaj . jwj U-Lp ( Cerenkov Jt^^jj ^ i ) Ij^ 

. £w»lj t^jyy jjKi; 

* * — 

: L»li JL. tj^l -u^t oli>J i /I jL^-l SJlCl JL* 

i^yt- If) t^l 4 (j^Jsai ob JaiUil JT OJ . magnetic monoples ^.Ja.;*U 4_Jai)l ol-L?-j 

ji 4 jyis/i jr j 4 ji y>jk» n ^ Jsi ^iJLii . Lt» t Lj^j ljlc* t 

— * * c * * * 

. >Vi ._jU-i J 

* ' ' «• ' . s 

l, . .... - 1 ]a,> * » L-jai LS ->— o U _jl . (J^J- 5 !- J^* 4 JjJ** i- J'^--' J* jt-^" A>'»;t*>«,U 



-Aii i Jj-Ij ^ .. jk' . * * <_Jai oki oL^- Jp ^yt^ll d)L^J! jlisil 

OrfJi 3j_^l^ 5^ ^ t 01 d&j . v^iOl t Ijjja!! ^ UUol j&c .JuT iJl^j 

LfUjy t m t ^.Ja^. S^i c OJbrj 01 1 ^--kill t_JaiJI 0! t > f\p 

(em = — ) — em *LU-I ji j> t t e c L*JaJl o'L^I i^JiJL 

2p 2p 

ij CJtf I ill. ^-4, Ji Lf t 0l£» JT ^ iiL* e i*J J*£ ^UJ! 11* £ i_Jai 

jy» co^'M 1 ^ ^ r^ 1 ''^ 'c/ir^ 1 gyJ*-^ 1 vW 1 

aJLft ot kiJJi . jjXJI JL>-y!l cAiJfr jiiai* jyw S^iJi . AaJJ^J^ 0t 0,b>^l 

01 iili Jp . *jUi yi £b£j Jj ^....Ji^tl vJaiJI oIjl>-j Jp Jaii <^jk; V oLJkJ! 

u^" 1510 i-jiy t x oLjj-i ^u; v k;ii -u^i UjsLi a^Ji oi 

(J i_.laill OlJu>-j «.j-iJ ^>iP 1^1 ij^jJ ( "tmy^- iL£' ) <»>i.^ <uJi t *ii>i!L^ 

JjJI jjjall ft bJ| J ^iiiij ^)^J| ailjaJI O/y U, j£j . 0\.....>4-| ^aUaJl c-^U 
l^iL- ^1 i yUi-II » ^Jailt o1-U>-j ^ cl^Jt Jl uwlij-Ail Ipj Lf 4 jiUll 

. Big Bang jUUlVl 

^wiVl iLfr ja Jo}i\ Jp CJtS} i Oj^JI IJL* i^-j ,. l^ill olJLs^J 0!T lil 

ijjj Sl^J t ^li* t c-y^j III t_JaiJ! X^-y . \j\f\ >l>jj. 0? dj£j c iJ^ 11 

il . Uijl Sj-wu i ^St rff wj »JLl Oj^j 01 j^otj . Ojjj^JI viJLiCi; Jp 

' t>* My* i>'"^' C^**" g>"^»M J*J-I Oli c superconducting 

jioJI 0l» 5jlaJl oi* ^k- jvP ^ ..J n« . cja* JLj-j ^ lijj . A ^ Jlut ^ 

jnp c_Jai j^-j J*l 01) oJli UiU 2UU. SjlaJL Ju^ 01 0>l ^-1^1 



l^-Jb ^ illiiJl ^jjai ^ . ilUill Cit 4 SJbJLiJl} itJwaJl^ L-J?^S3l 

. jJUil jJiLdt ^fii > «$- bl-JtuI 4lA. ;.«... .It Ja—tjl ^ii . Syiil illL' <j l-lgj»- 

V^JI Ji «_yt ^ Olj 4<u-L-! ^ ^-L* jJUJI jfeldl tl)t ( A — ^ Jai\) 
Jij . iJliill ^ 4—..LJb Sj^Jii ^JoJL 0^1 ^* oUJI jiliJi-jt iijJay . AjJIj^JI 

A>«ij j -^S jJliJl ^Isldl 4-«JLi* (1)1 4 S-L>- Jp- j^O. Js" 4 ^la^il »-U- iJuIjS'I 

iJJLiJl iJliill C-i/- i-ijj* kilJi jf- gjxi . iJUiJl ^ i-j-JLUk oJaJ L- U 

. supergravity 

il*aJ! j^J .'*jJ^J\ gJbli £. gjyi l^SUI aOjgM t/JJl ^1 tc-^ulL S>^^ JJiJ 
i^Sil Ji Jj>1( JL->I (t - 4-* -iu jl ^(yJI jt ^ USU)I SJUiU Wjll 

U*p j> lili . olJjj^Jlj oU^yiSl oh iU* f-ii jttiJl >Uii! 01 Jo; . iJLiill 
t LiU»\l oy.yijl jU&I JI ioUJI aUNl j>jJJ J* <^jkJ v^ly *sUp) 

^e^-Jf J| •■5^5; 4 2 JL-^* j*J 4 0y~»' ^ <J* (A — S » /"JI idV 

sp 2 ' 2 

i-j^iaJJ ^U-l J-^LlJt 4_,...£. ^lyl ,0-* ,Jl *-lj jj^i -^J ' >~^!/ 

4 1 l,sL--» ol..>.«4-t ,j> jjS^I aOp Jp- Jva>i Iajlp jtS^ jfU ^LJ oULp j-V*-^ 
iJU' a^-j ^.L-t J* |N=8| j U j^J yd! ill; 4 ofli ^LL' J^aii . O t -L 

4^VjU 4^5;- oij . 172 LyL~. iiUJl 0^-ilyJ! JSOt :a*JI (jl^i^ 

4_>Ll£^ 



I2!\i LyU» Sij^j _ZjWj oU^Ullj —iSjM\ ^jili *UJ-1 

jJJiy . jJlill ^Ldl J»l^ L-i Ja-jy oL-4-l ja multiplet \^±s- i 

iSJU S:yL* SiJU ay yr-j ^ iy JT J^S^U 1 1^15' <j;^iJl -i>-j£ 01 

c Uij Jp ii'lili iiiUaJI ^ . 0j£* IJL* j£j . >ldl 

. JL>-jl (£j\aj Cj^- 4 tj\sUai» ^;<^T jl (j^J? 

Jli oij . ft^l JT ^ d-»JI ji> J j£c ii'UJl iJLfcJI ol tUj->U 

. gjfcp J,T ^ N = 8 ii'lill iJUiJi o~>;L ^y: ( £ c^J 5i>JI 
» « 

jyiaj" <j;^- |f <^jcj\A ifjAj 4jJaA\ ^ Js»-Xd! S^if cJJl< Jij 
^3 Lplj^uJi/ vilJij t iJUill ^ JJLxJl 5JLb- oli^JaJ ^ jili ^i»L; 

-k~j| £~*sj miajl iiLalLi -U. I i_JI 01 jjjiu' JL_- ^ ju" Jij . 4jLiJ oLL^ 
iJU«aJI Ij^. i_LP J-i»>}) . jtfi 0l$C*j iijiaJi ii-Lstf OJLp! lij 

.N = 8 UAill aJUill J,-! ^ 11 
11 ^ oJUII iUiJI <bl*l{ 4 oLJ^JI JJjjt ^3 1 0«>Jt JU^il 

— Ij^lT ^faj jU»l J uU| JU-al *— tjJLf jly jijiH tSyr[ Jl Oj^-I >UP 4 lo« 

S^lJlj s^JI JU^l c*^ dJJij 4 W^!) > JjUi- ^-(l 4 ji^S" 

. \o^- 4— .-l^fSlil t^l-P Ji»- oLL^li Oll^' OV^* '-'' > jLi 
iiL>l J-^*4» d>0 -l» t ji^S' (jails' ijiaJ JJ^/! iiwJI J t ^...Jo^^il CJlT 

Jl ^^-1 tyyxj . iU<Ml ^j*jf ' »^^>" Jl "^l? Ju - j *~ 

Ja>JJ (^)L»JI ^Idl l)I ^iljj J-A>< i l^Jhj^S\ J^J- Jj-I^ 

ti-UJLlJIj i^L«^3l tuu>iU j^J . (U(l) ^iildl) ^iNl Ja-jl qa J>\Z ^A>j^\ 
oU^4-l ^ jojuII OUky (SU(3) j SU(2) l^) iJLiu j*Si u^U jijels 
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. 11 

j;jJK' *ij£& . iJlillt SjiU JjO <£y* C m..I» cSJb-LiJIj SjLdJlil} Hjjl$}\ 

^jtr at ^ * uuvi au&» • a* i*^ ^ ^ ,u)l r-^^ 

jl ^JLJi . J;li <ul jjJ £-U<» c JaJ-l «^-J t jts- Jj-Vl .sUjVI ^-jXJ 

aJI (jl) I^L-j —UijC jjljll J*\d\ <ul ^* ^J>,«,.^ll JpUdJ Sj-Jtl cjU^aJl tf-^l 

c i^jJb ij J ,/i;«ll ol.M.ij-l ^li—j . ( A \ SjiiJl (j U^i If c SiJUil Jijti 

Jy. Jyill L>t (Jj 4 vtjJI 31— J— ^ j ■ i Vs^S) schirality a-J^J » jl 

t t^Aji jUii :>-Ip U ^1 oWLiiJl 01 a*J • tUAiU 

jj^j c ^ j^j c j 13 i)jfsj Dl ^Uaiil Jt { yju (jjkj . iijc iJjJ A>-_jj 

. i-UaJ! IJla ^ U-U> jji lJUi ^iP li OlX-jJi 

i^L^. JJL-^ c iiL- Sjuju- JjL-L j tbit jlU 



ji»bil iiiO j^. ^ 01 Oj/^Ml iS-^i ^ ,>* ' *^\f^l 

ISJ l-br S-LiJl i^Jap SjiJI dJut> ( j^^" Oyli) i>L-ll ^4 £. L_-»xp S^iJl i_ 

L*4> cell JT Jl Oj[/^JVl ^_j>J Ljljl Ja.JilL S-LiJl i,^. 

iv»UU ijjaj iijiaj J«i)l l-i* L>- juC dll J^J . 4^>- C-iK' 

Jp c i-ijJI Jp 01 iJL-ll »i* 01 OjJlj^l jj> iU-iJj . v J-*' V J*p 
OVI LjV 4 4jy»s-t i&i* jj^ >_>L->- Jp ^1 HSLi- j* (I si* j& 

5/ jp i^j. ^iui aiwij . aj/^tyJ saryi s^&i saw ^ 

a-JI^V iiUal! dl^vj lyw> 01 r J L>-li» (HIT lili . £• JL^Li* r U^lai 

r 

iLT 0jtr^J^3 t^d 01 ^J^-i li*> t isr-^ 1 ^ C? ^ i>UaU j^J . pWI 

* * * * * 

oVaUll ( < divergent LopLji L*iul J^ii- ) j»ia*JI ^1 Jb- 01 

^ jUi, Jl ^ V OjW dJi JIT lil SJjir sjLtf-V N *it c iJbj- ^ 

Jj^ill Jj c *-.L» jSsX C......J iJLiiJI jjp tlij-iJI c3 J*^ 1 '-i* t>* t/" *>U»!!j . *-L» 

^l^M jlXl. UjL.^ AiUaJt jJL. Jp yi*aJl ilai JjL hjA JjJj* frj -JJj . iiii *J\ki\ 

oL'l^^ J* l^Jl^l c hjpA Jp I,,* J-^a>J ^11 SjjWIj . renormalization 
. renormalizable *lkaJj/l SiUV ibli l^l Jt~?y c J*-(^l tj 

J_pLo ^ >*J '(/•J-^ 1 >iXS^l\ J J**)l toL^Jl J eta JiJ 

JIJJI JUijVl i^ii S^iaJI »JL* . iy>5\ J«|^»- OUj^iJl ^« oLjiy^JVl 
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tjxj,. dyyi i*^" t JLJI Ua ^ t <jljJl jUiiVl It^jj . JaL; ikL-j, 
bjj^i j^jyjl 1 * W l'-^ jj-^" (^>y . J*- ^ <M*ac f Oj>*Jtil 

. \ Y J^-iJI ^ 0\^U 3LJUJI sJbk Uh. oij . DLL** 

Djj^iJl J* ^1 SiL-ll cJS' UKi . iilWl ^fy^- W* <j*»«* a* J* - ** 1 

<u£c kilUy c iJI Jjc »ZyA\) £ j/U iU-j ^ c OjjjiJl ^btfi V ^Jaii J*-f 
yU. ^ UJu 1 ^^-Sji iJU«ll »JL» JliJ oi .<v>U«l jjUy Lyy jxJi Oj^Jl . W JS^A 




II* Sj-bc ^Jjaij . U-^j <_£,_bU icop o^J dliiT ^1 OS" lili . iL^L. 

*Uj ol^>dl 4 i* c-yls-l oij . ^UU iLUJI ^.iULl JT ^ 5Jb-l, ^ oLV*ll 
. f UiuJifl 5al*y ilti ^j^Jl JL-Ljaj/^Wl i>J 01 0*>U! JJ Lip ^yUp 
• <A^' y^^i **Jj)l iUaJI Olji 4 4>Uj aplj iw»L>- 



.<£yb\ ^fy**-- i£y^ £->\*je> f^j^i L>-iy C-aJj^Ll Jij 4 JU-U J^-^ 



SjJLiJl} . anomolies Otoji-iJl iJL^. 4 oLJl/**)! *JL-jc iiJj SJU* «Jlr 4 iiL*j 

^ Lo£uJ 9 jJ ^ U jJsLd jL-SLil Jp jJiJ 4^ -LSI 4 1* \ p_jj v-**^ ' ^1 

^l£>-t ^ L^iUil j^-Jsj Lc 4j.uli.jl i^laJl 4pL_^> jU; L_lp 4 1* aj^Js; « quantization 

4 J^Uai^l J^a>- ^Jl 4 Aj,L>lLtt.jl ii^JiJl 4J IjbbJ 01 <^>J ijJLiJl jjst-jj . j*£jl ,±LjlSL. 
JiLWifl ijyjyj oljJsUI iju iiJjJI 4 1. /alt S-^J ■ Ajjk'H i^j^SOl iiu-Jl J Jyi Ji 
01 4 1^. J\ 1 JiLwiMl ijvily Jy- Jl (^^j 01 olijJuiJU j^j: 4 S-SLj^aJI 

iJ^pj . ^jJjw L^Jo" Jajw 0! Q JiU^l 01 : ^JjL* J^j ^iJUi ^jjj>- S^iLT 
J^Jl^ jl Ju'-Up j£s . J*!>*i ^J^* OLS' 4 Uj |f 4 JjLi ^US^Jj 1 ! 

01 ^Lwj . 00 x O ftlJL4-l Jp Ju'_lp J-^i . "j 1 LjjI^i* ^ ... rti 01 Q J-b»i 

4^ JJI tJUk . SijO^ Jir 01 4 i_~-L« tjLj^cj 4 j^X l r ^3 4 U ( _ s ^* "j 1 ii-saJl «Ju 
. Q JiUrfil 0^1* dX^jj 4 ^jJjw jjp Q jjj Jjjc : jjJii J-^s L«-i^- 4l>JL*i 



OS Ji ^ jl JiNl Jp Ijla 4 ii'UJl iJUiit Jujij j 1^4-1*. ■! 4 iJLL 1 ^ 

^ ! £>• y J—J 1 J » — If • 

jj^. ikaJl «lk _lp Ijjjo jt jlS} . Lu iJU>Vl iUNlj LsJLiJl iJliill ^j* ^Ji _u>-y)l 

jjL^j J-j^jIp jL*pI Jlj oi j->-^ J| ^[^1 i—i^JaJ^ 

^JLL" t oLijjjjU ^ Jis'^ji* j^ ■ G.Veneziano 

UUaJl <Jl«Jl oloLaJl J Le-Lr ^Ji; oJir ^Jjj [yigi U_i OjJLiJS JpLLJI oli 

. Silil ft L J i£)£S\ ij>Jl aJs^s jl Ji iUi JIT . oIp^i J 

( ^L>*j! oL_> J ) resonances t oUlf i L Lplfc- ^*>j . 23 "10 

Sjlill oNULl v. U-i ^ j-S'L _.JlJ V| J, 4 iJjt oL-> c J t Ijl>- y. If ; 

oL>y — . Jl o y «l oiJjjjj. 1 jjUyiv> jl j_^ai jl ^>jc il .,_£>>- 1 oUjj-U excited 
OUl^Jl s JlA .>■»■ jl Obj^ii'l J ■ i Jj« . iiliail <JLf- OLo ! aJ UjL iJU- iJUs A^AyS 
Jy^ jy i_*Uii ii*>U J* jjji^ C JJi. . ( "^i. ) Ijjw Jlp oli 

2 " 

' - 

J-kjJl IJl* jl . JU-I c? a - u.« jij Lsfiy y^-jtr^ £&y^ «->-* >— td* 

joyi 1 ! jl j^p, iJjk . i*L Silil iar-Lc Jp LflT OJlT ^Jt iLLJl ob^JiJI 

^iyi Jlij ^ j^l p Jlij Jp tJiVl Jp ^ J 4 jlT ^1 

jl »^Jl »y*ili . J ^ i^JiJ jjo jl ^iL: JL>-U ^JL>- Jj\l Jp Jjc^j 

jl ft^Il £j<i~ i> 1 } ■ 3_ji «Js>L-_^ Jplii OlT,l^' «JlA« 4 olS^ly^ ^lj,.JLsl 



_~ s^Jl . olTlj^l jy J-aJ i-WlW jJai Ir'li} ^ «*Ul -W^ 1 J^- 

Jb- J ^ . tiLA\ jlijjli jl-u^o ; l^JT t J»UiU yy Ar-*- 7 06^1 

s jjt J_j . o^SLJI oKy\£Jl iB' ^UaJ JpUJI oil. jl i*-^ S-bJ-i olf,^ 

^ aJLp j* /rfifs^ J ^y. ^ ^ ^ s? 0^- i 1 

Jt.r„<\ \ <\V • ^ • *i>Jl ij-^- £^ ly-tP OiLr^ 1 

. ^>L^i iJU iiyj ii>J A.Neveu yyj J.Schwarz y)^ 

iijjb ^>JL f t»Ni ui» ^j-^i JL-bj r j>JU ^ ^ ^ v l ^ & 

J.Scherk ^ y)y^ jl ^ Oji jl ^^jf jlSj . oLijjJL^JJ 

jl aj^JI o^A^J^. ^ jlT JL5» . \A j&\ j>-~\ Jlsf J l$>IJbiwJ jlSCl 

iL^jJ J jSvj |lj . 2 ii^Jl ^rAP I a,U."...« OJj ^Jl oL-J-l 

£-JU _Ai^ JSC. JyLtlyJI ^4 *! ^1 IJL* . J--JI II* ^ ^ i/ Olijj^AI 

aJIjU<k v_ .T.'vJ ^S' olyu- jf ^P jb'"-' jl i&yA-l »Jl* jjp jK' JLal 

jjjf- JJl5L*j yj|>*- Ifs* ' Oiiy^* J/* ^i*^ "^y^- frUJI jj 

objl^Jlj oLV^b — v^W 11 J 51 -* ^ J 5 ' y 4 M - Green 

iijytil iijj-l .^»; • (^1 ^ klJJ^ J^" • ^ijlij (J OJj-U 

• ^ J OH^ 1 oSsJ^I j+A J* j*> «LsJl CiL' jUjSfl 4J^i 

i—t-S^ j^ly 1 ! t L^;L' Liii jj-isy^ . J,.^»,a,'Jlj ijyiJl 4-1* t_>U<»jl c_ijU-I 
Aj_ r liJJ Li>- jSjC J* : ie*U-l iJLJ.1 ^ I ajl jyJo>*z~Mj . <..La:...,U V 1 !;^^ jy**^! 

. fr^gi JS' Ajjllj l^-i jl ij^JjJI 

ili ^-u^rliJl ■ J~* ^ l>t*-J J^-! ii'-U- ^r^ 1 j' J l> 

<-ljj Jp ^-1 l^»l>- yj, *>L iJLfc • J^j^ jLfr U^- ip^Lj Jj-bxi 



JS3 L^S \->-j^ Jj^Vj j»Ji; jl U> lil t jSliJl y^Jl j- 1 I-juL; y y~a^S Ijl* 

t Ui-t^l .lUJu j^J LiN t reductionist Jjp^l ^l £ jl I^Ij JUj jl Jo'-up ^-xj-; 
^1 v-L-Sll tS-sLi* ^Ua-u-l J L^j (lUJl lJu» ^1 obtt&l >J t JiVl Jp 

^LJUP Ju t |Jj«Jl Jl>-j ,J^»~! j' <J j^i ^* • ^^aJ 1 <Up-~« J j_^Jl IJL* U-Uj^j 

jl ^ j^^i . SytUiJl sJi^ fr Ll*~. Jbr, Jf jl J^il jl .ilk £*j 

jjjjij t $ ,/?<y jl ^i>- . j»-l*Jlj .- L a. i l -U<w» ( Jp > — 5Jut>1 oUa>-l Ji Jvy^Jl ju^JaJI J^fr 

* • 

£jl7 j ^ J jJLil y> t <Up Lail* LjJi ^j/i 11* J j>J . J# <ol JuLjC ja t dJ_~jL; 

. <u^laJl sjLa £-L> I* jlAjJI 4-i jiJL) l_»lp Lpi^Ju^ (< _UJl 



2 



«JU*I cJlT . (Caltech JjLJIf) Jliiil U 1J iJlS' ^j^' p » J I jj/j-i j^- 



^Jl iJL-i! ^ L.li iikis iil - J>- iJjU Jl ^ £_>^t • W ky^ 

' » • • ■ » 

^JL^L^j^Jl 1^1 t <^ ^1 oLn-Jl Ja-lji J o ^e>j i ^ jl L^U j£j 

ia-lji J jj-LJt (»W '«£r^ *k>-)S iU; frL't aj^J! i.jkJl J J**Ji 

*yj J_i t ^Ui J«ii ^ . ^^3' JL,Lj> rjj £jl ^jl Ujlp oU^_JI 

J l^ly bT ^1 JfLilt jl U>-N oi, t dJUr J t La ijLj J j!T t J.Scherk ii^i 

jlT . Jb-LiJt ^j^JI ^UiJl J *J { ^ j^y J| L-ji ^ v^K' 

^ ^Jl ia.Ja.lL JlT IAa jl >_>y^ US' LuS3 . t_>U»jVl «ai >-r~r^-~! if \ iy>Jl oLLjJI 

vr 



Ciyj\jf- SiU ^jPJb <^JL!I 

J^o 01 LJp Ijjji t U J^-io biJiJ ^—4-1 01 li-Jjf-j Lil . Lb* 

Ol_£*Nl jlT lij ^-H.ii Olj SJUJLiJ! i-ij^Jl S^lil <Ju^>y! jlyMl ^tJL>mi-l * Jj-~* 
. JiJaJl IJlA Jp L^l jjjJ (j;>>-l -L-l <ilj» -b»-l} ol j iJliiil jju^»jj LjAbWi-l 

01 jP c JjI ifr j> t yi~.l c U -b- J! ijj-isf S^IpI tiJJS t_JJaj JiJ . 

. tJJl J jjai LTbr jjl^O yw>! O^J 01 ^ jlyNl 

(JL- Jbt-y. iJUiJJ oJLi*i-J UJUPj . iy. 13-10 y»j t La\I f% « ^LL. » Li Oj&. 

* > It* 

j> JJUaj'b/ iifjjd y»j « Jji» ^jP-b L» IAaj . 2JUsJI i_j ^ ^y ti s<«s-l 9 Jl>*»l 
Jl klJ^^ |JL- if— i Olj JyiJ iiy* dJUi jp ji-oiUj . ^lO i-j ywsl — <^j>JI (JLJI 
ytuaJl ijJL oliLw. fUl Oil j>ci . oyaJll Jl l-U IL-jS' SjJLSI « ^li* » 

. ^ y&i £• aJLs^si jL»-y4 jiyNi jjuj jo- 

Jp ty* 01 -bu t > ^Vi flp « J^-yllj iJUlll Js!-t jlySlI li^jkj 

* t 

\jor iyUU OU t^JLSl i^jiA £ ^jS> • Oi^-- (.r-' 1 " tiy^l jyJaj ijJpt 

j> t jjyi ^ OjUj'I \ <\V^ flP OljLy ( a3\ — Li aAA ^ Jp t Oly— C—o iUS JUj 

. OjJ <£)^ -H** 

o\i^\ ^ ^\ iiiU ^ 4 > o\j^\ a j* ^\ ^ o\ ^ 

»»jrrj ^ > *^\ 4 o\yj^\3 

4 oK^I^S' ^y*a* ( OjjjjJIj OjyJK' t Ojj-xAl 01 Sj^-aJl oils' < ^.yu f^^>. ' >■ 

olS^jysJl aiA Jpj . L*Ip jj j^f- frU; JJ ^Ijjj Gell-Mann 0U J-p LfL>-il Sy>i 

jJL-j: ^Jl fljiiJ (_Ju<aj jLyjl 01 ij^s<aJI Oils'' liAJ-iy t U Lfc* Aa j» . '/» » 0_j>j 0l 

iL.yy L^IS} oK^I^Jl. j^ii 01 frr JJ jSCcj . J»IUI ^ cisi UTLi Jp t U« o^lyxib 

. jbjMl «1» J>\)o\ xs- 



Sl 



.\* Aj^Bi \JU ? *yJl \^ fejtfeV 

gjAJl 2 t jwJl ji il^JI (fOjl ( , r -J-t dlli : Jii Ju* l^fi SJb-lj t 5Jit l,J jlf 

J^i Ol vJJa* L>li, ii>J» ^ ^ c^l>JI Ji c tf/^llt ix^aM 

ti syt-\ J* ^jkff * ujsli i^ipi 'Wcr 1 A* 3 W !i 

j»y ajJJ\j P.Ramond J^\j jw ULul t ^» i>/} ij^lai tjj . I-Uj ^Lpj i^- Ji 
oli Sj^Jt «i* ja S^u-J ol S Lyl^ Ji jUjVI ^Jip i ^ V N fl* Ulj A.Neuveu 
JU j la*. aJU* iyrj ^ i^'ljJI ^ ir-Jl 

t JIj-Ijj iJl^> jUjI JLt-ji jJUJl js- j»JLo LjV t ajj_jJ\ oL_J-I 
. oalj ijiaJ Jby LT tij V^i 

«{ ^ *£-»V "^V 4 >^ AM > 

t_3 ^ Iftjsr — s -^» iS-^ ^J*^- ' J— *■ 

j-4 jiiaJ L^JLS" i^JlT J...~)t l-i* l3 ob-t^t c -lij — yt^j ii- jl 

^ 5 cV^Hn \.>iN ^ ^yH\ .yUlV vSJ.a-V 0\iy-U\ ^ 

^ iii'i ^fi . f.yfli\ ^ >-3 OWs-ar 

cS-^ij • ^ ^Jj-^J W t/" ^jjj^ 1 S/P 1 ^ij^ 1 J u^?^ ^ a -^* 

. JiAV* ^ t'UiA O^WV Jmu *AfijA\ \}$\ OjVpN Ji^ 

Li! US' otivf sJjy Ojli Jlij . iyr^-J 't-'W-^ a -' u * Oi^it JLoJ . ^ 

j oL«— — J-l J*"^ 1 ~^ L ^ <y*J*"*~- '~ ■■" SJjJLiJl *iJ_J-^t ajil ^Z 3 ^" J 



^ . ^ jjj oli _j-U j$l J*£ jSLio ^^I^L^^IipL^ 5jI*1 0l£.Vl 
^1 >jSll iljL- Lilae L^L, LSJL. ^lii-J 01 i V J»>H U» J ^1 
J^Lij "Vj £ _^L ! J^l lJuk ja AjJaJ i*wj»wiit • *-*^ lM ( ^*-/»' 

jiSi jJLJ ^1 .iJU; ^ jji^o (_jwj! ill • Lil jJU joiy Jj . fjJ! o^J U-i Ip 

4 V^J ^ ^ «■ Ajjii^N l*Ja4\ & fefc oiS S'i\* 

aJIju C-i' iS jJl J-»^' UiiU-'l Jo- ' ^ » flp jj^p Jjj'l^r* kjj^" fr-M' *^*> Cits' 
. ipijJl jU&I oli AjjJadU jtaill y^L^I iJjLJI ,_^a£ iljs-t £* 

oLyj_^ OL-f-Jb Xj oL- 4-1 i>» Oy*^ ii*^- ^ Jj^ 1 ^LJI lS *— j l^r 

^JJl (Jjty\ : tjyU Jjiyv j^"^' «Jtu<aJl C-iL.....,>- ^ »jdi£ 4 

^ J^-*' ^^jj^' < --'^?r - J • * 0>*~^ 8 •• s '* L?*- " - - J*J ' j<^~4-l 



. i^i* Ju*£ i o\*--ir\ j» jsftyiV ^»>J» *L-»j >\si\ i>\ 

. ^Jbydl S-U>- iijls Jl Ai^-I 

j»\ ^ .\$}\ Itjvb i^w-iv ^ ^jfcjPr j^rf. >U\ b\ ^ya oj? 

SJUiil ip^JaJ ^Jtfi ^*Ua> Jb-I jlf . jJUll ^kldl ij^Jii ^*>L. J*i)L; cits' > <\V^ A* 
^jaJl J C-UjIj \ flp OiiJl Jij LL'LjJl iJUiJl ^Jtf ^aj t jJUil ^Ldl Jp 

. jJUl! y^3t ^ f-L jg\ iijyM i >ldl ii'Ull lijjS 

ja taop 4 Qtjf- £■ OjUdL 4 OJbrj jlildi iiJLiJI 4j^!I S^JaJt ^'La*- <^-d 

^1 o^Vl oJUl JJUll ^Jb-li . W Ij^a cJ6 V' (Z 31 C*-^ Jp fr LiVl 

^~*J£ ^ ' i_S**^ ijJlf-Lj £^~<» ^1 L-^jJ ■Jj^J Olil — s>- 

li V iy^-i Jp J--a?J OK' liSUj . Ujlyt-I j£s V i~l»P t yL^aJl J* 0*-^! 

^1 OL^aJI JT 1^*4/^ J-^ diJi . ^Ut'l J oLLo- frt^l iijLsi ^jj 

. tLiMl »JL» i^-U* ^ jjjUUbil o^JaJl t Uaii S-^Ui/l ol> >.,JM jcuu cJlT 

j> jI-vp! 4 *>Ui ^jj^ oli ^IopI J-^ LIOj 4 i^l ijjkJl j ilUiLl i-*ySS\ 
.MAY ^Ip dj^e J -u Ui oij 4 L>. Jiii OlT . iJUiJI 

vv 



5-L» Jju Lij^S'l L^J . £ yAA 4 ijjji} oli iJUsifl iiJliJl ij^jJl ^bJ' ^i* (J^J 

U-b-j ^Aj 4 S>U aj~« oli 1^1 jjw Jjj . Jaii iiU> jljjl oli Ob^JaJ jlSC^L jl 
. a^j a-lP i^-^ Ja^-ol ">Ui 1^1 ^j»)^Jlj . yLiJl >■! <Jp igjbx ^Jl 

Oli iijJaJl jj&M (Jl . 4-iJ^I 5^J_J_Jtj 4j>L«J| 4jjJlJ\ Jjj 2>f>-j ^bj 

<uk- cJ^Uuil j iw>U- . SULil iJljil j^-L> J^u'l. I-Uj ji^ 

j^^ij . 4^ai»»iil OliljaJI J jJa^ 4l\ lJju ^i^l 4 aJb-LiJlj ii-<waJl 0*>ULk!l J 

. ii'UJI Aj^yJl ijJaJI ^Jjla J L-Jil 4 L>-b£ JSLio i^L-l ^Jai <^>-j ^liLj^l IJu 

^ C.t.t.il ^Jl ofUJI S<^JI ol>>iU JJUJI jJuJl ^ 4 Jaii SOs-lj jl jw .u! 
j& .Lb- IjLaj . a^l jUNl J v-L-I LLvaS' gjT^I ^LJI ^M t jVl 

4 4-i)ai« j;P 4j_j»-I lB jJa*uj IJL>- i_, K«H 4*^, <J l_J.I ^L^Jl I ijfc Jp <_sJa^ ^1 OliJiJl 
. olijJLiJI j^—j" U^. SJLstf oli JjL~. Jj 4 JJi JJ ^Jl oLfl^l kiU-O ^ Mj 
i-oU 4 jl~pMl Oyu tilJl^L* JL>-( JJ 4 villi ij^JaJl jl ^A 4 Ml (_j 4 

kiJJi i_*j^Jl oU«->waJl Ja : j> 4^p ijU-Ml v_-£ ^JLil Jl^ !lj $ U i^L-I i^L; 

L*j.s vl>-Ui v-^Ljidl IJL* . iJjioMj oija^ jS- *jjitd\ jj^J 5* lili ? a^-^J ^1 ^LJl 

^L; oli ^ oljk; »J^bil jlT j^iLi . ^^Ir 4 oli ji- i>J& tSj\ j_j^J Uj^p 
* * <* « ^ * * 

^jJI olijJLiJl dJiJ Jp i/jia^ ^ J*^ 1 ^ fp- j>.jj ' o"^ 1 1 

. i-ijiu j^p Ljlit^ 

UjUJI 4^1 oL^aJI ^ SJb-lj J^-l LjL^ ^ kijyrl S ^ A 1 ^ J 

jl iJJbrj jJJ . L^Ail Lt-i aLLi^l ^jJl jl£i . M ^ ijJLiJl IJLa jlT lil tJyJ 

i^JI jLi>-I (j 4^1 4J ^,11 ( j>J .iwy jjp i^JaJI Jjc>- lijJLi L>^*P JjcaJU IjUa 

Lv M Lap i)b» jt ^UJli . 4,>JI jjyi r liil ^ \+.JJ*z~i ^1 w»UL| i^bJI 

i(Jy*L~> J*ij 4 jol— -01 ijJLiJI j53 . ij^iiLJl ^yJl aijk ^jOyjaZ-. oLjl^>Ml 



(Ij ^Ul J ^li^ J^J ijJ-l ijLi'Vl bJs^. lili . ol.,,. t jl cjtf t .,,->• 4 i-^X. iU- 

4^1 Jli ^Ul SjLil c-Xul lijj 4(4^ ibV jt) >U oli W iijkJI ^* JU 4i,Lii >s 



YA 



ju. ^ i . l^iT iS ^jJl aJU- <J ^ a)I jo- J t -laii SJL>-lj J 

A^oA\ »j* ^J*s£ «uj» *Ai . Vci\ \)a& aj<A ^ ^ 

^ ^s-iV \j* 4 »^afc\ li^iV * 

aJL~. (j^ji; JJ oLjl^Sjl i^Xr^l j-Ip ^ ^^tiJ i^U-l A^ldl i-JI jl o^Ti 

. SO(32) *jji>\^\ 4jJ! 4 Ju . ijjLiJl 

. ft* 
l^ih'.t iJLx»lS' OJj aJU iijiiUj <jj ^>-j L^ajl Li-i^S'l L-rfj^ *-~i> oi^Ji <jj 

j£e 4-*-^J ii'li SjjJaJ illc j& (I Lit Jus; I jtT egjiJ}} . EgXE 8 I^js-Ij 

jjiill ji^kLdl j> ht) ^ l-^*J . jkLdt l-i* 01 

iijal dJli j& jl LJiai* O^i tJb jft ^>b" Jp U^P Oj'JLPj 4 L^Ui^p 

C-JlT .dheterotic S^Ucdl jLyNli jy'juj^- oc^Jai I^LtsTI tcOi^ 

Jp ju-J ^1 A.>ilJ LJU S/ll. lS^'I CJK} cE 8 xE 8 >Ld\^ jo>JI uy^ t5-^l 

. SO(32) 

jJLJ A^tldl vJI »ju ON 5jU1 U^sl E 8 xE 8 ^ cJlT 

. 4-1 A~jj3hd! yk^iill fl^— j^l* l^jpj ^jJI ^— ^>-l 

JAj . L«Ja -lU <j t iJLiil jkJl A^fJ ^ t ^!>--_5 - 1 Jljj U UiOP jl 

UL J^aJI ^1>>Ij oi JUfcplj . ft^- 0^ 3Jb-ij L^; j^>-y 01 L*j>- j^-Nl 

j 4 ji^jj il . jtf If ^Jl A« ^_j-^ll 01 ^ 4 »lf^l JjUi !>^1» Lisp. Luiai oi 

Jjy l^>-j<. Alibi! Jp ^ JiJ) S^Ui* OlijJaJ ilSX c^UjI SpiUP ^U-l CJjJI 



. jisoi J.ull ^, i (^il*^ jj^ 1 j >'a*\ Ot t ii>-V Cj\ij>ai t jt *>Ui J>~S\ 
IMS UwJ ^yi J ^Iflljji 3y.UA! oL,>JI 0j£ 0U jX*U Jp t J^l ^ 01 ^Ui Jp 
. JxiiL. SJb-l^ Sjya; LU£ bf t iA\^> 1^1 Jp Jb^JI j&c Hi l>Jaj ja 

5Jb-lj Sjjlk; J| iOoJ! !JL» ^^iicj jt SJl^l J jj-T J-t b-U Jd^a. JgjJl IJla i^UdCj 

..kii 

jlUj J <• ij*J*> &\ l-iJ!- (^-^1 J\ IJla Jpj . OUjJIj Ol^ll S—J La uju-a; iJUiil 

. If — a, i iiyaJt !^-^y>j *—.lA i**—^" 

ctfaULI > ol g:,i<i,„i 4 SjasLl £. I^IT c-ili i o^Uii JjU U.lp 

'orjjl ijJu*)\ *iLA\ JJL- _iL^L _L»;T i/iil J!^&l JL. ^ 1^1 _j-u 

I;-; - 33-10 tJjL^"^ 

sr.d&Jb C U ' ^ V* • J>t Up *>Ui ^ikii yJ AlJl c^y-^ 

A. 



.^xl* 5>y^V ^Ufi ^ & »*yry ^ 

^JLlJ! oliUaJI J"^ ^ l^i/ii if toU^J-l tL»jJ otjfeb" 01 ,y fjJl 

I f-jj (_Asfij» .j 8 """^ Eg jbLsM 1*1 . jjCtiVl Eg ^ 5JL»-lj Cj\ Je>\£ {j> tyr ^ 4 1-fPjk 

2_JL j! t j»jJL** aJpU* t shadow matter <Jiai\ £>lil UL>-I {S m> t *.>til jj* l-to*- 

JpUsN b^ L>b UL * SJU» SjU y lt-y^LA tjJfljxJI} Obi' fc /'b>-l 01 

0j5j 01 Jb V E 8 ji>ldt ^li, lUAl aJWI SiHl 01 iii>JI iJlS^Vt 0j& dAUy 

. 4jLi>T ^Jtx: . ... i ^JJl ^JaJK' JpUJI ^ SJUlj l^V L1p -La*- 

|t -» > * >*» L} — UL«J Li>- '■ S J Jl *- ^ < ^-» I 01 klL'l^lj 0[ . ^h»w li* 

. UJaJ! Silil ^ tdlii 

• ^ ^ ^ > ^y. > 

oi v y>i s,lll oi c^Wl oV t( iUJI LU ^ ^U;u ^ jis .a^v ^ 
^ Jir^ ^ t Li^ . aJS3l p ^ Uyi ji HL 5^ ^ jrf J^jSj 

. U J*t ilL^i . Sl^ jJJi 01^ Ub ,iu 



t t Eg Dl^febJI ^-io d\ iJl^l JL^i . LjJaJl iJjL. J-v»U; Jp JJjtf iJl — • jik 

-jju ^Jl, . Silll ^ J^T ^ tUj-iJI ^ J*^ tW- E 8 uKJLr* 11 

. E 8 ^LdJ o^ilat jyjL-l g;>Ld! jU&Nl IJla v^.u: Ji jtfl 

S ^ \A*A jx <? siiii 
< Eg ^LuU t ^a^j J^U Jp Nl ^1 4 oN^U, > 5J,l* ^aJ 

. Jyiisit jL~£i! gl^L-^ 

joji. au* ^ m&\ $>$s ^ 4 v^u\ & 

1 0\y~. £<u. Am. 0\-^\^ 0**4 >-V W» ^ C^Ci 
4 JU- JT Jp > < o/a (f <*Ui!l li* ^ . Li*x. r *£B li* OyC M . 

* * * S" * VI 

. l^L tfs olili* J JL^l) ilUJI oU~4-l ^Ip- JbJbt J Li-U- 

d)l t Euler Jj\ ^jp iUNl (^i »Uai]l liA i^jj^y i^<sL>- Jbfjj 

iLs _ji IJL* ^j! jjp d)l J\~y . *Uxi!l iUi (-^jiiil JJjJ ^j'ISj t vir^ ' 4 ^ L * 1 ' 

t--- jSO . Ljj^f U>S\Jai\ alt, (i>%* cJLi^l Oij . J jAj JSLlo ^ii; 

liA ^jt iJs- iJlsoJ JijJaJL t<;jL~i ^jLJI «_ijlji*JI ijp 61 y» iijjjJI l_^JI ^y**-- Jj-^l 

AT 



v^a & 6ji<V s>*&& Mfe Vr^y jfijl j&i lite* ^ &\ ^ 

4 ^ 0\*--*tt iJ*^ ".OVjA 

iyr j {0* j* i ci^\ 4 t j.U> *5S\ii\ Aj,y^\ ^ ^NJAN cS^\ ii\ 

UiJUJ Of) S-b-lj a^JaJI 01 Jyf Of Jbji . *AJi iikit olX jjyuiJl li* jA %\ ^ 
01 till ft* iJjUi J j-^j* _ J^L» iOP Sj^iJ _UjU ^ 

UJj-f 01; JjiJI t^>- Jj^-t ujj jL^U Sj5j^» Sjf t ijktjjl ^ i-^ry."^ 

Jaii 0jL>ili tiiJUil ij/jJl ijJauiJ ofcljl! oU-L*oJl ^ 1 14 t ^U- J&ty c jjStj 
4j^]iiLJ ciili US' . iJljdl oLydl ii^la J j* ^_y>\ I j> ^ ^feii 

dill j^*) 01 ULi^J 0' L^Ul Uj 4 iJI^U OLyfc ^» Mjb ifJi LW 

. l^p^a i^j-j ^ Ijjj JaX L.JLP oViUii JyJ- j;U»l J^LiJ V t ^Jl ^Jai^j 

AjJaJI Ljl^U-^l ji^ Cj^hjL- Jjf-y 0' <<1 JU; WLiJI jjydi iiijjay . £s»W t JLa 

. jtSl Vijj c ujNNi ^Ju7 Ji l^f JL5=P-t 4 Li>- ^ 

J tffjLit i-i>- LV LTJ,^ iJ,JUN b^J oViUil ^ cJyu bt ^ 

Ar 



. i,„. ill Sjtiill jjLiil 4jjiaJ jijJaJ i, Lw. * La . oYiUl.1 »JL» 

Jp 4 equivalence principle jit£dl Lu* 4 L> ^ l y\^j\ jUaJl -tii 

l-u* Li>- p+Ai N b£j * cjNjU> l&y. LjlJ 4 ii^kJI JL>- J t 

Jlfrj j*p ob 3i>JI 01 j£j . oVaUll dOi jp Jj£JJ ^1 lilfc i jil&ll 

!>L*-j UjI Ijl* Ly d\j i LJp J-^ ^Jl iUJtil ^Jldl Jf ^1 i-^JI J 

4 i—JlaU \jjt ^\ ,jiy,i\ ^ (jylp jl ftp -ii* SftiS* ^jJf- Jo Jij . 4-lP j_ji*Jl 

Jj i »0->-^)l ilL-il C. - J i</^ll (jjy U^j JjijJI^ iijiaJI J*- iJL-> jl 

. Li^ Aj^plaAJJ L^i J^ju il)l t^LNl JU> ,/tll Jp 4 L^aJ LJp 

li* 

lJUk isL: JJ i,JaJI Jp ^J*li oU^j Jp j^«JI ^ jj-^ J^l j^J . ^LfJI *J b^C (jlT 

« • * * * 

. At..- JjUJ <^;l ^ jjI^j jtSi IopIj J*illi jJlj *il ^ 4 liiJi 

o\s.j«* iAiAa- o^'^ Us ^\ ^\ y ^ 

. o^s-j oYiL-JJ J?- Jp jji«JI ^,,U:,,.; Ljlj ,^-LMl IjlII ^ J Us*f Uil j>r«j Lp^ 

jSj If 4 4-^toJ.l iiUaJl ^ -iJry jt jSoC ^1 t^L^g^l £jJ t-i^J Dl 
. L^j UJ Ujipli; ol^t kiAJAS} c S^r-jjjyJ ol;L^-l J^U- ^ Ljk^ ^"jUw^l 



oL^-jM a -La y£ <As- (Jl Lk*- «Ljjij 4^-. __p<»U-l cijJl J Lj-^ 

0^1 t _ s 2>- <uy»j U j -il*;*>^ <_Ai>j LjJJ OK' . cS^Nl lfr.^a.'Ua>- 

—"a-cpV^ u&a ^ ^ iij^ £ ^ $± \s\ *i\ oj^. ^ ^\ ^vifli\ Cs^i 

1.1* j , j . .. j Jy>- 

p l^kft J JJA M i ^ 5 *i> Ai^j ^ Jij^N &$S*i#ik* 
tt\W\A ^4 OVj* ^\ U\t . £ 5 OU»Jr\ £ 

J>J^j ULg^>yi\ 'J€ ^jhj£. SiLJI -^>->Jl OljjJaJ J 4^-s?- 

t)t ^L>!l II* j> jiill OK* . Ul^ OjJ ifiT ^IT ^1 oU-^i-l 

V-J»^3l 4 -L»y .JlJU jj^JI ^LjJI jtr . 5JL5i)t U cjyJI JT 

jjt. J**JI ll*j . SOiXiJI i^iit J^-iJ jJJi iijoiVl jjiJl ^ cU^lj 

^liill J^i, ^L>! ( JiVl Jp v-^) c i>l Jjl . lSs&\ iSyb J 

ji ^Ijj aJI . <u>i; cJ^JI ^ tSy^^ <Sy^ cJw>_jJ '^a* L^wi,* <JU^ ^*>^* c^ij 

j-^t c^iaJl ^>JI U* O^J jl s-^ 1 Cj* C* 3 * W^ 1 



A* 



jCju cAiJaA\ Coils' . *-.i r * ^ill olj^iaJl j*- t a-i-*> ^JaJl <g->-j ^ t J it y> 

. J.s-J.m.U j (JLu- J-*pl ^iy^ ' iJ»A>iJ.t islUl <_j 4 NLpI t L £>Ht J 4 Ly3 

0* ^ N yV ^J** - «^ $ ^ i^r** <-^y^ J**. & 
U\j ^Viimi jPyfli*-. oVtjj ^.X^s-A <. iijiiV "U^ ^ \Cj t 

ij jv»:«ll oL ; i,..-Ll JU«-** . 5j5^« c -J tf^J 4 Liki* Lil^L*! ^iiii jl j_ILpI 

^ -bJ^lllj 4 iii-t ^^Jaj Ait ^ jJLJlj sLjjiJl ^ JST ^ 4 ^tj <j t v_ib£ 

4 I+IT 44^1 LJLJI c^Ul ^ . y&l J U JT IJLa, 4 U ^ jl LjJl^ 

. S-b-Lsr aJLlJ £ ^jjai jl Lyi If-ii i iat-U-t £• ^Jlj^lU aLI» 4 J jJU U Jp 

^jav LJ^>- j£] . aS"!^ 4 L.a^:- 4 Li-i aJ^ ui^i L. 4 jii 4 ^jjill lifj 

. Lbr '^i> U.j Jl^ll IJL* Jp ^ JJi jl Jp JJi c^t -bf^Nj . v l^-l 

IJifcj —ijy^i i~-L,Nl Ol.,,.»H JLsU j^iJI J J^fl bJlJ jSyJ t-j 4li^*J 
jJL»d 4 *>li* 4 L.Ip i->- ^ jil^ jtsi Jl ^L>^- Lit JuLpI — jt L. 
jjy) ^UJI jOi J-i^ ij J«L jl ^Wt.-i Soil «JLfc Ji* ^ Ail £• 4 jJJi 

. — ^aJl JijWI J*- ipLiJl 

\iV ^ t"*^^ Vr-^ ^W-V v 5 4 **** Av * 

^\ Jfti>\>^i4^\i*>. 4#i\ > y **^. o W\ ^ ^ 

IJL* ^ 4 ii-^p ijjLJi i-^iai ^>-VL; 4_....ll Ul . jJJiS' j>Vl jl _j-Lj 

ow^i j-LJ oL^L,!^ u^i (^i)*^ -^r-jd jl J^>«il ^ . jLiJl 
oLJjLJI jl Lj>^ Jp 4ilC J;; „, 4 J, _jJU |f 4 jUNl IJla jl . t LiVl 
Jl ftjjJI Jp ^l-I Oij t jVl ^ 4*-iaJI ji~Ju j JL'U oU-U Ojy-I Ji CJlT 
.^^lil (J^ I—Li JJb-JLl ^ j^.:,-:^ S^iJI a Jus. jl Jii^-I IJl* jJpj . J^pli J^pI 

AT 



o\ij£* oU»JrN «.*^ ( 3«*3 /i\ <.\>J© 

jS\ ^*ieS ii^i «..\Aar tU^N jJJ i ^ • j* \t IjttN 

*l- jJUJt j^ll cJtT _>U . ^LJI ^ JbJuJl -up Jp li* c ^ 

. »Ju iLjJl _^JaJl itapl 

j^CiJl j>«j 01 i^-jjJ i-iw* ^ CjL^JI Jl yk ^1 oiUaj M j>-\ t^Sj 

tfyA Ol^u ^j-^il iijJaJI tip ja ilk* 0i Jlipl . V (.i L**>w» OB* 01 |JpN 
■ l?>-I kj& ^ ^ ' J**^ ^LajVU c_^J CJtT lilj i^ll! J 

juJI jt i-L^ 4 fr Lit Sjlp LLijf I 4 OjTi > ^ A • pip IJO c^JLjl c jijp *> JjU; *Lil J 

yui 01 -La=p^j t L-b. JS' J Oyui 0*j . iUJl t\£\ ^ Lf*)U) Jp LJii ol^Lsi 
v^JBj . l-i* i*<b» ij^lj ^LJI t^JU! ^Ll^Nl OtT jJUi 0l< t Ljx.1 

U lo' j* jjP Cjlji— 5-lP I^JJe* jiUJl Oitj^' Ufc'liis*^ 01 J>^l i-jy J iU-LL« 

^ t U,JL>^» U** 0n-*+* • *y>-\ ' y«* 01 ' ^-rl <<J— "J 1 '-^r 

Oiyu jJ dUi Ji» CJi' t ^ \ hl (»Ip uua tjj ijJ-iJl <_iJL>- iijis LiJL>-j Ujlp 
*2>^i ^-U-l ^ Li/ Ley gfi I dU-Uj c ju>JI J*i ij Jp 

iiijWl - : .^»' «J>j- UJUJl i^JI ijjlaJl 0b ^jJt Jp i£JS OlT . %<j J^jJI Ilk 

AV 



i-iL. J^JI ^ JaX. J** ^U! Ij+a ja 

< < » 

it oLi-Jl ^-^1 •^K' ( UL>-t iSy* Lf ifi 4 L.Brink ^ UiJ LU* Lit 

L,jJ ^ (I j£) oUI JJLI! ^ ^ JL^i JIT . »^iJI ^ Lijaj Jt j>; 

^j* pjS' ^".1 .J? i J~~i ^* *jiL— • ( J^>w- j L<u > J^JaJt £f>^ fj^lj ■ *— ■ 

^^^ji^j U 4j ^jLj jt d)jj t Jaii l^frlj* <j 43} JT t-iptfJJ -iij — ^ji Jf ol^iJl 

!>T ^ ^t J-J 



AA 



3 



5_<U oUL^-»i j» d'- 1 • S^-Aiil CjL«I;JlI) Oji-j/ c! iLu-i E.Witten ■^■'i 

■<&«^ J ^-^U j£ ^ ^ 'r^ 1 i*3LcH j jiLJ^j 

oL-~4-l ^^^-w If Lu* IrJ^^j molecules objsMj oljJUl *5jJL- J 5^>>Jl 4 JLaj 

0-*^ Jp iljicN £Jla Jp J^£ ijW Jb*^ t L~ ^1 iLlSLy iiUiJ! ^ jl oJ^U 
(X J* J- 1 *** 1 * • ^J-**' dj^J jt .j^ii jyLo .1^, . oL^y 

u j*y*- i_r^ • ti-Wai^/ ij-j-U aJJU* oLL-o- j&\ Oj-JIjJ-aII 

Jp ^lUJl js-j ts^Wy ' U^1> J 1 l) ^J^= ***** t^je*!' jl ^ j-^l • 



JS* ^ ^r<ai a -la Jbly . 4 t *Jlai\ ju'Lill JS* LIp I » T»" SJbljx* 5*j 

_p<ap ^ii . Llvta L£L.\£« j( aOjy ijlsT <_5JlJ I.Li«j jtTU jtTI £ jOJb 
jif- LLi 4_-i& j( Jai aJp ^1 ajI i-ijj** ajI^O ^^"j i!LA( oils' 

. * * 

^ L^Ju: ^dl i-L.Nl Jft-jJI <jx>-\ 4i1 ^ t JiJ-l t >->- ^ ^1 J U» 01 
L> 4>j,UJI <i*^*t ii>^. cJ»L ^ C-Xu JLij . fliill Jl £»:> iJjUt 

• C -^ L ^ ^ji 1 *" J* Oi--''* J** l*^^" US' ^1 i<^-Jl< f-tii -Uj (ij t jtsi 

« * * . 

iJUiil uy ^jUiil : ju-Jt ^ j^p 50*3 ^j^l ^ ii>S31l iiLAI OlTU ^ 

* * • * * 

oNLf Sop Jl ^jJI ojluI ^Lil s JL*j . JlSiJI aLU tj Lap! S»Uy ti-V^ 

J_Sj-t Jtaf j 4 I Jajl CJfcfj . jjuJlJLSiil tjwUjjiL! j-Ua* CJlT Aij . iilat 



i^** Jp- IJ^pL-o If (. L. Lp^ 

(1 jjy&Vl j& . jyiJI li* ^ Ji-JlijJJI (Ja** jja* If t JaZ jj/^Wl jt U^ipI 

Ll*£ J^ll <jlSl\ JuJIj . Jj t LJai L»..,..j >- Sj^ftJI (J -W 

jN < Jm> j^-^y JluS' JLaat lit, . Jliill -JLSJ- ^ Jp ^jli 

<_/»j-^£ If— iil—ll ^ly j>»J * OLiJI l-L» i^-iy i!t-~* V^O**^ 

« * 

JS* <Jj oL,,..j~| JS* (Jj) iiUll a -La l^pO*- JjliS • j-^i«H ol «■>... 4-t J** 

.^•^pU; 

iUj JL. jcpI jiUJI IJU JS' jl j^JUi jl LAp oU— JLIj £jc Ujup . ^-sw li> 

i*fLiJ» Sj^L ^-i til %\i Ail t^^l Ja*> L-jUi> ^1 di-Jl^-* 

. ^1 jjLJl^L. >- J f>? ^ fr^ 1 i_r**< <JlW-> ' >±JL5i dy 4 

jl jJU; klJJiS" . J^-l^ igjj (Jp L-~-L-<<l l^«K,«« ^^SJ 1 ^-"^^j -^ry. 
I* -Up 1 yyi jl i jLiJI iJL jXi . »JUXp iS^"' Lr* T-^ 1 ^ ^^"""1! -^-|>Jt 
. harmomics oL>-jjJL» LS -«— J t ijiLat SJbJtp Cjlyly* jtj=*Vt Jp^ j^ti t aJp <_J>j*J 

<ij«> i+M <->yu jl cii^C . 5-0>-lj L^JLS' cJlT ( j>- 1 iikit i-Xw-jit oVVl 

jl ^jSlc jN Jii^ t jU^JI ^ j\ yLJl jJp 3Jj»^ 

i_ ~J iiJLat oL>-jj-L» jJUaj iikiM cNVl^ . Liiat oU-jj-^ oli XA^t- i^JL-L 

JJU3I y>il . iilac LJl^l iil^l oU-jjJdl (/ J«u jL^JI y j JU ^ 

■_-. U..„-.4 -t JS} >i>dl^ j>^»!/Jlj Uj>^JVU . ILilaM oU—4-1 ^iLail oU-j;Jdl 

. iilat oW-jj-U t^i 



^ u* ^ »ir^a- 33-10 jj 1 *^ jj>£Nl jLsLI y^l jl JU 

L L ^ >... r Jit ^ JUI jJUll y^SI jl ^ : Jyl jl i^Lil si^ c.,«Ja-..*l U,j 
4 jy^J jjkiLi ija-^ljj t ^Jnr,i,' jl jji -L* ^ t J-UaJ V jjjws 

\>j£\ 4plja£l i-^si Ul . jtTU p \ J^iaj »L[ "iUU- Ajaij <jjbt viL-J jl 

iiyjl L£L* Jai jl *>U» ^-....7 ^Lij t fJaJL; V 4jL Jji; ob^aJl ^ j>J S 
j^j'L^iJl 4-iiL! U l^iT iJj>) iiiJi • L^--^ LiJli lyj 

j^p Jut jl ^jJl 11* j> U,j i ^j&l y_j5l 5^-Vl flVl ^ jjjSCUJij 

. ^jj oli j^^liil 4jLi^j jlj t *L_JI 

Jp ^k: iiy^il CjL^I JS} . (j? iL>- J^i oli jlyVl jl J^i; L^Ji oL^ikJI jji^ jl 
iSLa <ilii*A \j\Sj\ VI ^yiM L^Ji»* jlT jlj t oL»l> J^JU jlyt tUU* jLjl 

. iiii* jljjl Jjjf-^j J^iJ t 1 ^jJl j> Aiy^JI ijjiaJI ^-b" t 5Jb«-lj 



L> JiLj, ^1 iLilSL* 0tT . Ji> ^ JU^I II* j J*pt j! JJj . ^Lj-iil 

j^j viJ^li 1 ! ^y^fe. ij^rj l-»w»!} dilSTj • y^J^I ti 

S-b-U. JS'Li** oi^il cJJi ^ v_r»^' J*^ cJ ^' • f^" ^'^vy 

._ l^-* cJSpoj! Olijt iJL~il aJL* Cy -lij . t 4j/aJl 

. 1^ .•-^-.^■4 AjI jj^* f*^J 'tH^**^' 

S^l ol>Jl j£i . <->j>« iJUiJ* 0^ ^iJbr- *isj)\ \>J*\\ 01 

yk If JiU AjJaJ ^ 5JL>wU~t iJUiJI 01 0V>- i iiLiiJI <>jytll iuikdl 

frljs*!! 0^ t ti>« s-^ 1 ^ ^ -^1) • W i/^ ! lT^ 

. L-b ^uii ^ cy cf^-h 

^ U ^iildl wii? iiyay i Riemann surfaces "^^tj^ ^ _^a-JI ilU* 

5^ v*I c..^~:.<"l S-bOp oVlat iJL^* . i£ j>X o"^LSLly c Lie algebra « J » jy>- 

* « " _ 

A^^-jl (_j aj^t U JaPl OB -lij . Jill t l-b-br- Lpy 0j>J 01 jl t -UJ^r- 



^.u* oli t ^ t d£> 01 i.UI iLj-JJ ji&l ^^11 j^j j| ^Ji 

t t^W* J* (iiUiJI ) ijSb^iil y»LlaJl (JJ^I J^u' ^Jl 4 1>UII jl 

4 ijwl<j-iil £ ^ OlT Oij . JUi^aJl IJL* Jp VjJ Lu~5-lj SJlij-iJl Ol^l Jol Li>- 

J**^ Sj^JI Aj^JaJl L»ip fjij ^1 i-^Vl Dl 4 Sft-T ApLiy 4 I— *ai*-i. Jlibpl ^Jl 
. i*l*JI A^-Jt Sjj]ai jjliiil Lip ^ A^JLjLi jl£»*AJ y^-L. jjjaj j£i Jp 

. ijy^il <ijJaJl cj iijST^H 5JLJ.I -LTbJL 4 c-Vjj^iSl 
$ a* Cx*t c> ^ J* ^ ^ JT ob> j^ji jl ^1 M 

^JLilll J*-!,* ^ Ul^-i ^ 4-^1 Ji; V SJbJL^- L— I ijJbjj iy— Li ^Jai i>y^)l ijjJaJl 

. Jj^is ^-i; Jl aJLp L;i jlLpI oi^JI ^jj . ^ i/^ 1 
^i^p iJlc Jp Jbjj V (^Jl Uj^p 01 ^L^iJi Sijj^Ji £kl 0/>-l lil jJLil 

k~J-\j ^UJ! J >^ LWp LJai Lli fl^JI Jl Ijai C-i3l % i L.lp 

jij;u ur 4 v^e- ur ^Ji ^ j£\ oi Up ok" \^ 4 s->m 

JU^I ^ ^ ^ . . ^Ip o>Lb v^*^ 1 id>Jli . ^r^l iULpj^^ Jl Oili 
oi U-i Jp t^ai JIT jj^l J**jl 4 jjifl j^-sLI ^U-il Jp iU*^ 



£>-jyi v^" fj^ 1 t/ 9 - <J>£\ J" y** f!y^' *l>li IJla 

Jl JJL-il ilL sKilt ol* CJlT . ^ jUl p&l dLlSL-j iJUill jjjjl jl 

. Ji> cJ* JUkl IJU ^ J^i jl Ji tl^l 

i^Uxii SJl^t ol>Jl j« jjyil jl oTJi pUI £>- jl ^TiJl ^ 

Oii Js*^ 1 J ^^r! 1 Jr 4 OLiJ <-»^ L| Sr-^ 1 J Jil^j iiji^ jl l£j> 

a^UJl v^Jl oLi dAJi jl> je, . jJjI^j U,/ll Jij-C : jc±aJ 

Cv. JJ^i J^*> ai ji/iJ! ^ J «j W f <^i3l f -AisM (Ja** 01 dLii 

oli^laJI jl ^jUI LJLxj Ijl^aj . Lj^o UJ ij»jl<cu iLL- cAjJaj 



t tost- JJiJl ^ULI u,lty ^ 4 ii»-L. jr t ^ l,. ^iilUj sjbo* 

(M> j$\ Joy ^\ ij^it iiLlU . L.UJI 4,,, ^.uil jli^l ^ <u^i; L. e->*A£ 
«-U JJi; oij . Sjy^l ^d! 'dpLy ^ 01 gjiJl ^1 ^L^l ^ l> 

. 0i— ^ A.;-<q-«"->-« 4JL-J.I 

ill i Jf 4 4_^U-I ^L_Jl C. -li 0_^>j oVj 4 (_^--^* i_r"^ (J'* ^iaj ^ 1 )^ , ^1" 

-bwi* i^i^T) iAijs* *s*L^ Ollaiaj^ IfrLiC ^Jai-J t£.aL« ^wa> J*^ i_r* 

. oL^b^l jjj ,Jb 4,4_— L-^l ^Ult iJ^o; 01 JUy 4 (cS^>-l s-iM ^-^y <jj>^' jd^-^' 
. o. ftU-j UUj . ^Ull dXbJ Jb. tU-j oL^bJIj 

# * 

\-.n. : A> L/bI< J^^t* ' 4-*^ Jl (J b> ^*b«<2j ^aUr» ^4^44 jU»l jA 

j^jJI LCjj 4c5_^i]l jj-*-^ 0( L«}L>- JLkpjj . <ij}jA/» j>p oJlSj ^jAii J^Lij^/1 

r JbL" jl^l ^ ^1 ilLil ^ . JiSi\ J C \*JS 4 ^JUJI 

**.>AN ftia ^\ 0^3 U^. o\»U». \ jor VJW! i\ ^ a\\c 



. V f I i^t-sw* ijJjJl CJIT lit APp-J jt J*- ijJLP j^L* i 

V L-^ J jAll jl If t JJUJI otSUdJI dis cj vjlf *W J f>*** J^ 1 if 
j*i jl JaJ-l j— >- j-« tj^ij ^jUt.J US' lit Je-U~i IJLa J^j . LJU- Ljajl p-W JS" 
Sj^JaJl (Jfi- ol jjJ iijy^* ^ >^1<^ V jl ^ . Wt . .. j jJl*? Jbf 

Oy^tf- 0-b«»~- lift jl Ijjf JjUi. y^SO" t J>jf 11* jl . I-X-*- L«^j ~Ajj£\ 

. ioliJI iLliil ol^-JI 

. <Jj&l i«J&l ^ Ifilii'L J*ji jl j£c t d&j i»U» iJ, ^ JsT olij jit. JajO^ jjPj 
Vkyjb oU-JA 5 y W jfl^ ^ oUor ^ C-4 

"(.big bang Je&S $*>£i\ tJ&£ j* oU^JrN ft J* 

iLL-^Ljir ^ iJLiiiLI iilll jt ^> > t '^j^ oljiOiaJI jtfl ^ . dark matter 
JlAI^' itL-jj VLiJ^I jl5L.VL ji jXi i^j-i^l i>*iil Oii i^J^-H oUj-J-l 
^ U j^ 4 Ijuu- Uw- vf* ^ ^ U ,Jl *J • monopoles cJaiJt ol 



^Ut 01 JbjM c o^ll ^ £j± ^ Xj^. tfjA U»> ilU* ot ^ 

. JjJiJl li* X*-. Jk>- X,^ 4,,^?i>,7 <^JlJI Jp- oLf& jlJU*lf 

U JJ ' u-^ J* * u j <-£j- If* -^Ji ^ ' ^ SJL ^- ^*w^ ij^J) 01 iSj ^L^ 1 

^ Li^tJl jl ^ JI ajuII tJu Jl>l ^ U ^ 01 j^\J-\ <^Jji\ j Up 

Jjj- J* <^ ^ ^ • If* JV^ ^ <y J U*^ u* jl oL,>Jl j^M. 

. JbJ-l IJL* ^ -uj J,l ^ US' Olj 

\iW 0*^\ t'UoiiN i J* WiAP (iyu i\ju>\ ^ ^fr & JljS ii\ ^ 

V-LNl jl^iNlj giLJ^I ^ jjijil* Iju. ^--0 1 U *sUi J[U» ^yv^l ,iUJl J ^ JT jl 
01 i^-jjJ v^-ilT lil iLLiJl UL^ 1 ^ liL ^ • dJ^lS^ J 

j> ^e- j *5Ui £>j Oli 0_^j" Ji i-iU^I i^i jl J_jil jl ^Jai^I 

4jI_,p jtsi jl^il Jp iSy^i ^ jf ^ " i H Jt ^kff^ 1 t>* J^J • t/y-^ / 

aJlfc tiiUall Sililj j^Jl klL'lSL* d^-^ oUJl 4_ Jli . SJU^yi j> 

c * * 

. ji>Jl Ilk ^ 1^ Ul /il c J UU»Nl iUfyi jl iSy 4 t L,>i!l 



ft c 

c 

frU^J (J aJjJjjc* a^jIj ^iU jJp J-^a>*^i 4 l^ii jjp ^LiL^I iUji/l c3UJi ^L5" 

Jp jUjMI ,JdJ ^i-S' ULc jl J ijL* j! JUL*! . < ij *ai*}\ oU-J-l 

jl J..., Jl J j^Vl JjWli . ^ J-~>-' J^-^ i j °'< jl jjJ lg 

. LJIJo Jljj U f j-^il I Jul LS'Vi 

j L^>-b*i ^yJl L^lJVl jI>jV! cJl£~ S^UJl 4.>,„„,Jl 4jJi jjUjuijI LiJl -ui 

jyLil fbj-i t-fr *ij>^\ Aji^ja-Jl j} JJ Jij . £^lJl jyiil JL« ^ jV? aj^U- i_«_uil 

o^liil OuL^iJl Jb~l UlJb! 4jaa-*^ »Jus>j . jyiil J iiiUi* ^^Js jj j-ijJl} Ju>-1Jl 

Jai JJi ^jVl ^J^SOl o yJl ob'l&l jl ^ j(T . UU ^ip yi JL> 
a-U £l/>-l f -U) . Ajy^jl ijJaJI £]>^ Jl jl jS^C t^JJl ^S;^ 1 *^ 

^ jl j^lj.. »JL*- a*jLac L$*^ ^J^ Ji t (-u^- Ap-I V* ^_->v. (I . \ \\h 
^ jlT jt jJ-l J< • ^>Jt «Ju* i-b- 5 <jj Ir^- ^ Jij-^ 1 ^Wja» J*" 

*J|,J>1 U j^S ^JL; J>- jylaZj UL- ^Uail OUjUl Li^J jt JJ M jt 

J Iji^p y 4 jjj^l j^l^l Jt/- \xj JiLiJl li^ J-a>- Ji ^15i> jlT ^ . ^Jl Jji; 

^'Lj-i f_/>«~- jiT <uW ifrLiMl jJjjJ- Jtr^ 1 j^! kr" ^ • 

Ui»- b-^l bjl ja ^»yl j>J . »j#-L-JI ijyaJl jJJj ^ J-*^' <u*ji ^ ^JoJl j^iJl 

JL^Ll A^Vl Aj ^ijl OUl^JI JJLy jt jji <LS-)>-\ JJ ij^l i^^iaJl jt j> Ijwju- 

Li$3 . U ^U- U jS. J jj jt JjU t ^ JaJ-l U«u-.i Jij t LiSC! . Lb- y^iJl j^-j L. 

1<l 



AiWi\ #\>1\ iJ*^ jpyfl^. Vto-Xjlkft 

t U| u Jp UU^\ iUuSfl uJsLiJV ijt* 5JV I! si* J j^UJ! j^'L^ 1 j!^ -u) 

. jsl L5 ^>- Ur Jipij Jil j^Svj jl 

Jp j^«Jl J jl JJ jj^i j> 4~ J^Ui Li iIr »J ^ Jl Saj-U: Li ^1 

. dlii J*iJ iijji' 

Up »JU ^ jl gfo-j LbJ 01 ou-Vi ^ ■ Jl h ^"**Ub 
jl JJ iJiJt a jj» oL^Uil ^ I^iT jl ^-jS/l Jp L>W jl -u^l . 

aUjlll »JLcll i-bAP jl^it £h*} . ^^S\ J)j y> dtti . dUi J*i ^k^-l 

j^xij t Aij^-il jl^iSfl J^ j r y^ jliJI II» J j^Ji^ Oyjf-. jjjc^ t V^ 1 



OLtJ ^ptfP (_j g}ljj-Ajl J«j«j jl 1^1 JjLpI . Jaii jf- j^JLSo* jl ^Jax—t 

^\ii\J*A £j& *4* w'v^AijV-^y 

*jj_/>-l ^jjl ^JubJl Lf^l SJu-U- i_->W-"^ Sjs^I *~*>!t J^iJl J I^S" ^-r^-"' 

j£j jl jl t ^Jl i;— Uil ^^wNl J> l-bj^ C j.-V'Cij 4 »-b-br O^U-Uj J^ U.sIAhI} S-b-Jb;- 

. iiill ly.J^r JiSfl JSoj t i.U i~-Jl ^1 ^U; 
L»l^>- j>^o jlTU OLij L>^-J? I 0^>J 01 U c-jji^L c^Ju; JiJ 

OjJUb I^Snj jl j^iJ! jl j' j>^l j>j • Vk>» ^l~~« ^ \— 

5)1 /»- c5 jl j..rtit ' '— '""^ «rH<a>- j\ ^U-jJI iiLa_i (J ^J&- 

4 j^UL \yK . SijOrft i^b^i* cJir . *teJi\ ilL" Jlt.1 ^ Lbf-Nl 

JljJ U jNl L«lp jj JJ ii j^j>i\ CjU-J-I *Lj-i CJlT . <jb?r jl J-sr f^>-l 
Lib; -A^rji (j^i jlj ' iii^ll <U ^./a;«ll ^y> iL^Jio j»^ja» Uylu LlaJL>- 

jji tSJliili tUt^lj tiijy»il i£y& <_i-«oy j c^A' J^!' ^' • ^f*-* 
*j ^a>Jl ujL-J-I Jl J/Jl LlJ. kllii (_-Ls!- a*j . oLyt^Jl J Nl j^Jii 



ja fAy \ jiT ^ . djL-_J-l a-u <,LjJ J j%SCklJ 3Jj_l>- iL, jL^-j 

griil fJLiiil ^ r ~->y\ dDiLi t i^iJbat jJl^u If**-^ i>-j>il 

^ US^\ }U$iV *_»Jbi ^au £± \ *i\ ^ ^S.Hawkiag 

-ViV > vN <r^ ^ ^ M»*N ^ ^ cM 3 \£\ 

jlJU^i vJl-L ji-jiJ kiLjlSL* 4,jLa,>. SjjL^ Jjt ^iil Bohr ^ r-iyc jlT 

^ Ui> \$j »yj . ftLiVl L_J Jl Ojc J-^ai |ij i;J! j> s- 1 ^ u*^l ui-iSJ |1 

U ^ L> ^J^ 1 ^ S-J JIJ-^ H ^ ^ ' l^ 1 ^J^r* 

rj JI L> Ji J^a«. L>JI cLj^I j! tfjt . 4j>JI ftlj^iJI JU- aJ[ Jjj^ 



4 



i <dU*l j*j . OjlJ ^ <£>U -I*** *tj-«3l (fc-J ib-J Michael Green JJISL* 

Uypy c-tf ^ ^ ^ N & * s ^ v y 5^ > 

<j t t^jtfli oUiJ jl t jJsA J c-*>Ut l^V « U*- Lij> i,>iJ d[ i *^~*~ 

Ciyi .iUi J >jVl CJlT . l^t aJ ,, yjJLJl JLW ^i^. *L>iJI ^ JU 

t oLui-Jl <_j t ol» ...4-1 4^JLlJ ftUj-i t JUJLiJI J*-LiJI tbjgi ^ *s^l <^-* 
i>-j>l J cJJI JJi J C-^" . iJUaiVl o'Lj-iJi 4 yl^ij JUp! Jj*b 

l^i Ji viJJi J >-... Jl Je*i. iyuj .«>Ui ft-UJjU jl&Vl »_4- i,y C .1*1 Jij t »l,j£aJi 
^ Cii^f ^Jl lu*ySl\ JiJ-l Sijjai Jl »JL^-II l^JLc ^ijlidl jl^iVl Lb* CJlf 

.^1 ^ ^>JI iUi^. J^UsIl 

v3W^N dto ^\ VJb- £a u> ^ i%JiM 

^ .r 



oL— ~sU d\ t till) J t CJlT Jj . jlJjl J*' <^jJ*J oL. -J-l jl S^liJI ji 

oBji^Ji oir iij . ^ i_<w t)U»,j^ iUo* 4)!^" ' if±j*> ' 

<y**»J r». ^ *^ ^dumbbell 

. icJlil 5^1 S^l ilL- ilTLi Jp ojLspI 

y *4V inoi^s oSi^s j^i ^ a\ $\ 

. i^JI A,>iJ ^U-l j«kJI IJL* 

J Sjyj l^j ^ j& ji . JpLdl ^.oxi Oi*-*— ^ fiU^; J 01 ^^Cc Lc ^^ij 
<^iJI ^iyi <^ Jp o^-M 1 Cr* 1>» >>- L-«i« O>0i ly^J c CijJl diJi 

JLa*^ 5;^» JM>- y iLiJl aJjk ol t il'"^ jl (jjSi— J*< l \fi>-\ uijjj . «u>- p\ 

^.^ Jtia fr, iij** .ftJ*N 4 ^K* ^ 

j^i J J^aa- ^LJU L»AaT j! |f . ^-J»^Jlj o^^waJI t jjJpLillJ 5J^» ^JkJ Jl^ 

^ • 1 



StaNl cits' ^1 Jii-I ijjJaJ iiL <^l Lpip l yiA 4_i jlS^il ^. .J? SJbJLiJI 

— * 

^a! lJ^I 4 olj^JiJl liUJ -Ujj-iJI ij;;>>Jl oU-L>JI ijy ^ L^l Uj 

Ijft ilb ^ . Ul^ ja j*\ ^\ iiL" 3^1 SjfcJl ^ ^Ul ^ 

. jjXiJI jl tiLLp t_.,«,/ill j* J*^ i^-j-J ifJi^ iy>-L- i Lg.. I»t7 jl J/r«^ 

« ' « . ■ « 

oL^JaJ a;I SjIp JJb*j L-i UUjj*j" ^1 \-f~\y\ ^yi- k>Jad\ jl J,l <_....,. J l Jam. iyu, 

iiJl j^J oLJa * £*ljJI J 3JUi!l jjlii^i ^i/iajj ' SJbJLiJI hj&j iiL»L.Jj/S3Vl 

4^L-\^> (Jl JjjklU < (£)L«JI ^lsLJI 4J^I < ^LJI ^y Jp 4^*^' ^ 

. I jjP oLjJkJI J*^ 1^1 

jjp jlpkl t»_JL.I oli jLjl ^ »i>^< oLJiJI l)I t 4 jJlj U lj_j^ U^Sl 

«U£l t ^u-. aJ cjy V sLfb <j;jJj5 ^ . Ua.1 jUJI Jaii jl£il ^ M ^ . LfLji 

aI,^«,U aJLa ^ L^jl^i>-I »iy 4 1ft OlT 4^1 oL^JiJI J ^s-LJI 

* . 

J-i^- >^ ijjJaj J 4-JjI*JJ i_Lja*il i_jLs«-I iiJaj i^SJU ii^Joj ULi.U«i 4 i^UkJI 

. jJaJI C-ilj ^1 J-L^aJI li* j 



- « _ c * « * 

. oW ^iy^ 1 ^ ^ **^J ^ 

. LiJb- UijU; cJ€ L/V ^ <■ jtsl cSy^l jKjl. U^I ilL* OIT 

til* . CjU^-Ij Ljjf I t yJaJI ^* ^ ^"Ij jv-o cA«,...., -> - oL^JaJI o-i* CJS' JjJj>Jly 

. J-sil IJla ^ oLJ- ^ aUil L&f j-u*^ vj»£jl iijW 
iyr j b\» *iy3 \*i iiy3 ^ s ^ "*---^\ "kjiai 0*v-p\ j* j» i>\ 

jjij .ijiJi; <j JJi jjU cJ-a-J . \ji ^ J 53 'r^ 

>.m. U i^kl LuJI wUail oli «W-I 0V c vj-^ 1 «j 

- ^ _^u-i _'gu »ui ; ^di aw oi . s^- r ^ r !i l 4U ^ 

0! IV ^1 01 t >T ^ t tf I . cMj^\3 Jl d^l ^ > 0 Uli JJXP 
i>J ^ t M ^k^M lily ^ • WUi-sJ* ^ Vu ^1 

^jui f jLiJi J o i *,xi-.jii-t u» 4 y ^ oir ^w^ji ^ J .^^^ 
u»j^t otr . oa> J ^ r^ u ' °' ^ 0is^li -^ , & J *^ ] ^ 



^.VtiW Ol-La-J Cj\jJclA\ oJLa ^JaS ^Jajl Jii . L$li Li)y«> jlS" If JLajI Jl 

jJdjWl LI . ^JJ ^ JL>-I \^xiyj i \ju^x> c tjy^ ~ a j^. A, ; ,....,tj:>iU oL>».i.ll I 

. J5UJI ^Ldl jL<> u^^iiJI lI^JI j < jUl jujJ-I 

1^1 i_.. ; .,> t ij a >U oL-J-! tL^i j l_br L»U l^ ^Ul t^W* jj 

^IJL>»i^.l JLsr Jli-ij ■ U^*-*-^ 1 ii <-ub-Ji ^ a^I;^ ^L^L* <^ll Vi.::,. 1 iLSLidl 

j^t j Mendeleev ,_i-J-U« • j^l frW*^ (*-^ J 

. iS^Jij' ^ajlva>- Oli cJsLutfl j LJL^_<Oi ^luJl ^-Jy jlSC^L; jl ^lil 

■ vi^V 

c iS^i^. -L*-ipi .Ju^aJI _/-^>L>Jj ' ^UJl j* L>L^I ^4 t£>_j-dl Jj-^ ( ^1 • 

jl a^Lij^l t Sill IjoOp ^ ' ^L^ 1 ^ o>.,*„cv <Jp Juau (^jjl ^L-Ml p^jj |lj 

^ i-jlj^-i 2jLI>- ^j* jjS cJsL^N 1 s-U> j' 0 t\_> Jij . ^ is-y^a^ ^>L*JI 

...4-1 <_Ju^flJ J"}L>- i j_ji>^l ^Jfr '■ ■ - 1 j' tj (J^b 

S»iJi ^jJI ^_^iJ i i*l — * OaIiJ ^L»_ — i-l »JL4> iSy^\ i— 'JjJ jl 

L^jf 1 iJL^I k~^>[>- ol,« ,,->JJ jl ^JUi . (J*- l1>L._«.^..JI U (j LUaj- 
jjJj ^-J-l jl jl ^Jai— J l-L?^ a, U .. ijwii — cij'^^ fj^^ tlr* l ~ir*' y"*3 ' ji^*~^' 
^tJ t^j— A>-Li jl j>: — ll l-i* jli jv53l iLil^w. J U o J»j- 4— i; 

j^jjo <^L i_3 y«j ^ t uL» ; .Jl h,.i^l i UJLli jj-La ^»>-_*i L^"l;-5j 

ijLjjjill jl lju c j>-l jv^y . t» ^ v v^^" *— J ^^V^b *~ J ^jj^ ^i) 

Jp iV^-i^ t^-lS' oL»-_~jLI J-^l j-jv j^i; jl lojl lil i LjIj Lili oLjjjJI ^ii^ 

. ^jw*— -J-l (jviwill ^jj-i* 0>j oli*>Ujl ^ g j. jl l.; ; lfr ^ JL>-I^ tx^ 



\ • V 



* ' ' 

jj-U J*£ 01 4 aJI^ dfii^ l_J»b Olf lil t *ip j^j oUjj^Jlj oli^yiJl -k^j 

■ iji^ 11 (jyiiiii ^ . j. ,,- 4 -i jyL^tJi 

^ >U\ ^Jfii 

^.Uj" jt^ iUi. ^ &\^\ (.*A^-^.\ ftjjk Jcfr 4*1>A»- ^* 

Ljj* ^Jr\ U*L'i j£ nV1 j > <W1 jjki J C-J-U- -Ul 

-L^j F.Gliozzi t/jjJp -^biy j ilfr^ ijifr <_k^j) b 3 ^ ^ 

4 L^. jJUJl JiLsJI U*: ^JUI Ji^/JI dy^. jt ijl^lj oj-ji 4 ( D.Olive ujj\ 

* « < - « 

iLli Hi 0L ijt^l 0l 4_-^ij . -U„.-j1l li^- iSwl^ <iJ*J' Olj 0ir?v«> US' . JiLJI 

jJLiJI >Ldl JjJaJ (^1 4 ii'liJI ^liiJt Ji^ _ L*-l} jJ-< OS' Ji^ J 
iljjdl j^JD 1,^,1 Jv*it ijy^Jl ijjkJl 01 JiLl I jjk ^ o^^ 1 c-^ 1 ^ - ^^i 11 

.JiJ-l la* ^ j 

1 Jb\a 

1 > jir ^ jr j jjuii >ui juai ji . u ij^a jit J ^>t 

Ui>- Lw- OIT *jV filial iJUJbr iJLfr ijSlK' j-u jJUI >Ui OlT 1 iU: j 



\ « A 



jJLiJl ^Idl jt£i < Oi^-Jl iib 1 oL-^ J-^y *U» l_^>b; ^ jl j£jc o^S" 
^ *ST3 ' ° -V-y (ii J>J ^ir*^- bjj** jJ^iJI 

. oLjkill JJUj Jjuj- j iJbJl SjUp jJlJ* J[ CJK" JbljU J...tf 47; \jL>m\j} 

J dJLlj OKj t l-br p-fr* <Ji^» J*- Lit. ipbi LjJ O-Uy Uli Ji** £jk Jj 

• • « » 

* < * 

^JUi lj ^1 isA* ^Jii Jl jyi- cjyi ilii ^ iijyJ.1 vr^ 1 

. j\l -UP 

_ UL^i ^Jl oL>Jl iJjy\j aj LJjL" v^i" Ja^I J J*\( t 

l-uj . v»L^ J^LIL c-ilT 4,>JI dJL- jl _UJ^> ^ ^yE V i>j v^JlT 
jiL^.I Jp sai=-Al ^j^it iJUJl oL>j . Uoii ilLid* g;^ ojK' ^ la^ 

■ J I 1 ^ -"-Uoi £>-jl/l J*- LT LJI Uy^ i^S ^LJI 

^ . )at* SstjCQj ^Xjjjil 0\i\— *- j» *V,fAN C^tj»- . iiii ^Pf-A ^fi-i 

^ V4> 0\ ^j20 0*\ ^ai-J 



^jjji> J k,}jj£\ y> t jMl £->y JUL. ^S-iJ^ t I <j ^ US' L. j' jlS^ . ^ 

^Ul ^ jJ ) juTbJL i>x_dl ola. oils' . *j 1^1 ^o. ">Ui jl 

— * 

y*) i iiJliJI aJL^I j JL£.I J^UUil ^Ul ^y ^ jL^C-J^ 1 J-U- iyryl \J&> ( JU JS' Jp 
<ol . ^Ij^l I*-:'* ^ ' a-Li f L.I iiiLiS iju^i LiJjI J^jI jl c^'"- -I; 

Jy*ll ^y jl oLjI Jj- Jl t L.Alvarez-Gaume <yy ji>^ ,_riy f ■^Lr-^'^^ ' v- 4 ^ 

il^Liil v_ OUL r t>Ul j» V t Ujii lg....a.i ijy^Jl ijyiJI Oj^j jl l-bf 

; ^Ui^J^/l US' . il^yl si> .up 'Ju^- bIS' La^t ^waJl villi L y**ij 

OlyiJl ^y l-br- SJu*j oils' jL C 3-1 ijr*-^" <^JU«J1 jl jiJi . JJif-l L. 

\^\ jfli t ^ ^J\y ^ jJrf. ^ ^\ ii\ 

^* ^1 « i^U-l L>Ji jl ^Lic LJUp! I^Ulf jiiJI ^Ul pibfa . ^ 

sy ^Uiwlj < ^Ij^iJI tjyl^i; Nu<aJl ^-yZ jl L^Li jl j-Lj j^SC jl ^ <il«> jLTjl i^^iij 

UU> l;LjI Obyii LjaJ ^ aauj^II ^J^Jl ol^JiJI ^\J\ ^>Jo-\ jV 4 t^iJl J**t 

ifjOX »-Us. . oil L^i <L->^> LS' ^Jl ijytJJ oL**J 1 ■! ' lij 1 . Jaii 

c c t 

. lc^I csyll ^ J* L^Ji ^Ul ( Ji*. Xiay ^Jl 



•a* ^ i^j-J?- jl ^jji tfy* a^M -u3l jfl> tfa»-U . jult g vilii^ J* ^Jij± la* 
•op ^*j Jp (_Ui~j ai tf^-t a* i 4»w»«^]l a*Jl i-Ly* H»- Oj&V ai ii^ail 

Jl •-W-AaII »0* juJI Jp oiij^ Loop Jji i t ~«j 

. tr -jU jl iiiL^» U*-j Ojx; t)l Jl 

jop s^T wj-j (£i ^ Si *J U j^py 4 ^ jj»jLl la* oi Jl jyit oi a^t 

ijjjjjl iijkJI ^ tiy^ s-'!? 3 *' coajI US' liiitj 1 4^jii> ^ L»»- JijeU t Jl 

\i* i>H ^Wiu. <.«wj j£ & uu£i y&N 

^ \ it* ^ il)j*. ^ jj-Ja NyrVfr ^^r- 

fl^/^. jjsH £>* Ji -te-i j*J ^^All ^^-1 j» 

JT ai Uajfcpl 4 ii>\ijid\ «a* if^a* ^ jwl* <~r-< tr 1 ^ 1 ^ j 11 * ^ ^ AT 
S^L^t jUiJ J jLU LJ .il U£i cJjJt dUi ijj . L-»- "j^ ^ oti>JI 

^ tt ^iH a^y £>' gj . iltell *t£~X t^yi i^Wl tfy J*J ,y ^y^ 5 * ^ j 
>b" ji ^1 aj-yJl i,j>; »y-t Lvi ^Nl oi< Ojj--i< lilf t ^. -^. -Jl >-ji 
^Jl olwJ-l Ipi Jfcl>s 1^ oli^ J^i- ^JiP >U 4 jte^ll a,>.yll 

^ ^ v»UoN t^ia5 (\$}\ uLil; Ojt-jj ^ . ^lii ^.L-t ja >lju *~>J- cA*J*a 

LjIXcajC Ijur Lit ICj t »l^> j^* ..-iLl Cju -iatji ^ Ui*-" 

oi>uiii iU; ^ o^j ^t jj . > ujyi Vj5' M'J' *!>^t jf ^ LjL^i 

. jCl Jl ^/ ^-^ t Jp afcpMlj UJL»-I jbt jt iiJi Jy Up j^J 4 »l > - Os-y t^lT 
^ M 4Pj«j? ilL* jt V j^iy Jli* L* U.OJ lK*j . 4l»Oa- ^oJI li* ^ ^ 

.Li*- 

% \ ^1 



mM & ^ ty^ s ^ ^ ^ 

lill; i i^y ii^J ^^il <SjA cAiJai U,LipI j£jC . S^p olijijt i^liil! ol^JaJt i)[ 
(J*? • <-£>"' <>* ^j^J 4 H*~ u* 4 VJU^ 1 t/'- L ' cjB ' 

T - " * 

is— Jl jUjVI «-Lf» ! ii-. ,^^1*4 ^J^pj ii- ^ja d)l j> JlJ Ifij . l*/^ 

jjT'Nlj olj-bLJI <Jy«i . oJaiH J OljJiLJi jP <>yUM ^iP 

j| .J J ol .,,,-4-1 oL_i-)UU jU»L, jlH l>j t E 8 xEg jSO(32) 

jLaNI ti^UdLl <>yiuJl J t vlJ* v$V jLSly >LJ l^j E 8 xE 8 jSO(32) 

4 — JJi JlLy SJiJLSJl syll ^p ^Allj ol^l i^jJtr ^ 

>j^l ^ i^iai ob>Jl ^ U . ^1 ^o&M Oi^ 1 j^-J C >^l 

^ ^ u&j ■ '^^> 4 j^f ^ yj Ljii J 



iflij^Ni JiCAl l >w ^jVi Jp Uir ^* t oL4i y j^i ji oB^i^i ji 
CA\ ^O^i • > ^ oU-i-N Ci\ ^ys 

<~j -^T-jj ' (jJL»J^ Jjti <^>^ij^ ' oLjiaJi jtfl ^ L*t . t£>»-' <-!>y* 

4. * 

<dla- (^1 4 jjjiJ ijUaMl JjU-li . Jaii JL»-lj ^ i OU--4-I j* *£y***J:. f i.>^ti 

5 ^ ^ ^ tf-fc'W^VJ^ ^ tr 1 -^ 

O-J, . i^-b ii> .gjldl Jl i^JkJi ^ ^ iilif ,iiL- jLuc-| ^ oij 

^ oyai ^ ^1 iUi^ ^ ^ ^ V, . JSC ^>J| 

jp J*1 L^T ^ 01^11 ^Ua^L ^Ji . JSLi, ^ (j^ SjAj£ 

Lilat U> 16 LAj < Eg X Eg j SO(32) ^LJl ^ jj^l ^ c-iJ> ^1 oli>Jl 01 
^.Jj . oL>xJj( .iiL" L*VLj ^1 ^yJI Jia oyjii^ L,U j . . ..1!- 4% j oL>xJJi ^ 

t ^ \£*fri*> hlr*^ V* ***** J* oWi\k ^\ 



jt- JljUI J_~- Jj . S-JL,.iJJlj lL l ^ a i\ JUiS} '*Jlj^i\ Lu_> ^ o\ 

l«-Ja*J j^ ^ij 4 ^ ji oU— 4-1 »JUb . jj^l J i^L, Ul y ^Jl CjL*^jJI 
■ V j 1 j^S* *UL L* V- * W->- 496 , jjJl ^Aij J* dJW 3 \ 

y^JI j) Jp ( A Y j A \ ^.U- JLj^I ,j» IX.:—.- t ijy oi^Jl J -L*-^ jlf 

Ji L. y^Jl ^iiii ^1 SjJaJl ji US' JLii ( UjU; jilai. j^j t j£ U 

j^J JLii . jjoljJl L.I . c- (j-^j ii;!^! jl L-jLjjS^i U-la LjL*i J*j ( oliji-lJl iiSLij 
jE' j5o . ot ijJLi i Lj,L" LfK" t l^I * i^lfc* Lj^j <^l oL^JI JT ji 
c 9^1 j Ij^l l:j. ' - jf *l L«_UPj . iLJl jJlIj ^ Sjjjii Sjyi* iJL>-lj »LvjjJ L« jo 
(j ^ LT LiV t u^Li- LLUi j^ jl C 1 *' '^-r^* ^\ ^J>d LiLt^l ii> jS 1 

j_^ jl ^' jw ilj^Vl aij* i a)-^ ^^JlP-T SJiP Jjj r>»P Jl^>-I 

! J^iJL J^a>- (^JJ! yfc .iJJij . 496 

S ^\J*r /IN Ni* ^ AV*j U oMf 



^ jr 4 oi *>i jpj < »Jb\>> oij j£i s^u-u^ u*ji 

^ y J jjy <^ J^ 1 < Uyr >-* J!i u > T ^ ^ ^ 

^ jz- iJliiJi oL^kJl ^ U 0V t AJli L^jbJi. cULii OS* . bjJbt ujI^U 

JT 01 J*' jUjJL jVl ^ Jb-1 ^ U ^ . LiLi Lip- -ki JaJ <i t^-il ^iJLJj 

LjiaJI 14 . iji^ (> sl a * J " « »A* J 3 ^ Cr* "-Hy^ V-*-* s-'lA' 

»JL* JJi; 01 1M1 ^,a,>..':C 01 jji^W- O^jU jj-Aj-I* L-W iiLiA ol j^j iiU> 
ij^UJI ^ QJ-^L l-j^cII ^»l*!/t-i (X ^ J* - *^J^ Lr^ 

U**T i UftiJI yiiiJl 0J . U JSLiu ^JUJt iiUiJl ^yi ^jiJI 01 a-r'UL ^Li UJ 



cJb cJ£ J>\ j* & yk^i J*xJA *^ 

jV iJ*L--j illij t l t =i~< ^Jl O^JaJI a* aj^sJI j[ . £~>w 

oli < ciy^l oL-~J-\j o^l^l^ KiyyUC i oL,...^ t^y^ ii'UM 5J\_iiiVj 

l)I jj ttJJi iijaiil j£) . iJ>-b U ^ ol^- t iskij 

1 1-L>!- 1 iyjj i i^lp olf jXj t3/»5l iJL» 0^ ^ilj . jl>jl aU^I oli *Lif IfsLiySCi 

Lis" : JjU J* OU^JI (I j^a< toil IJL» ^Ijl^Ijj < W* u^-i^ J* 

oJL OliL~> J— ^» frL-i^/l iiy** Jjl^ U*UP iJUiJl i^JkJI ^ju IJUj . *l~s>y 

01 -L»w- (Qjo^I (i- 5 ^ <0)UlL) ( _ J z>- t JJU«;V i^jJ S^s-ai iJ^i (^') 

jSJ UUl; ISU . :>^l £~*ai {j*** ^ b**' *** <u "ip -kr 1 ^* ^ CyUJI 

"-10 Jy\> iS *-^i^ <y) W ^ O 1 ^* cJ-^ y** ^ 

Jp J*j (I i[ . tLiJWi U Lb- j^fiJ M L>»-v»! L'M ijlf t «.Uai iJ^ J^JJ> UUi( ^ 
. (J-UajN iiLy oi jiL« t (^i jjj ^Ul liJLiL} yJX J> CJli 



ai* \£$ . iiL^> aj Li £ ^i-L* L$~*Li jl iiJI U J<«tN oliL~« «Jl*j . ^ju 

JT ^ tji^-^} *ij*> L^iar ^JlL^ ijjjaJI U.LP lOJ ^1 

<j Jtf. LkU- J>-Jb t <J^Ji5V \ Jl* ^w. i obry?l <y ^ a* J$ cil 

Jlii jj-^i 01 U^»w» 0*£>^ Oi Li* Jp> . <J»/Ut ^ Jl-jJlj jl£*U 

ill; ^ ink* j>j? iJL5i» jjlsij ^> JyiU audi ^ J fjJl U-y WLj 

s j 0\&N ^La ^M^n 

L^Jbr jJL-tj o> lili t Upi il^m jjJLUl OL^Ij oi^ll J-^"^ yjll 5j^» 01 ■ ^ 
Jl ^aja^ dL-i; JL>Ov- i ijyj J^-i li ^wai ^ JjJ-i* 4 

\y* ^\ «. jfr \i\ U . ^ \-#N^» J>wJ 



\ \ V 



i>W^ ^HM.i ^ «. 

. \> d€ CA*>& I S SM i 

* ^J. ^ 4* w ***** ^ ^* ^ 

S m 

sjyci jt JbN If, . ^ U/ui LS"N]j t U U> Uk£ j^J jt IN JUM jl 

jl S^Si jyci (51 frLjaiJl l^ljj i^k) ^ iJUill {^j^- Aijaj JS" o\ S^i 

. l-br- a^w> t L» ^^ju: t £^ay iJuL" jl jXC jUjNI jl, t i/ 1 *^ ^ if**- ^UaiJl 

la...; Aj-i; Jp -uaj jl t J*L3 ^ jiiSC t ^.^..t iL^J t iJ);jVl J* c-^.^; s^i VI 
iLU^ SJ-io ^.-ii ^e- iiiL* i^Ui*! jU<! 5wU -bj-jj j( ^2,^ *jUiJI IJL* f**z>j 

^ 4u ,,^5 ^ t ^\ ^fi* ft^if. oVi **jjai j» j^ftd iA \,A ^ 

1^>^1 W (I ^ . ^1 tj j^iil J»- ^N Lit 

UJ1 . j^j il^j Jj^-I^ j_^J al& ol^L^ plyrL 



JUu^ Jp ^ tS^Jaj >-» Cf* ^ <ii 

i^L. J*~- ii'Lill i^l oli^J! ^ JLSLu oiapl o^jl* ^ cJ-u- juii . cjL->yi 

. fJu* oVpr^jiji a AC <.\^Jii ^ t^oSS 

dlk l^ii Jp OjJaJl jilp ^ u i^u \i>\ ii^Uiaii <i>Oa- Ji OjSo Olj J* 

^\ ji ajb>. t \^fli*i\ \*\ Vv^A ^ ^ ^ > 

.ulzt-l ^yuU Oat-lM ,^^^3 IjZj! jk> IJL* 

« * — * « 

i-^l uiuaJl Jjjjj . l^jf 0^1 < Ijj Ol^bLdl ja |JL>!- cJi.^ Jar I 

^11 >UJI ^lyl J*JL. v^ji i^JLl i>J» Ol>Ul ^ yi\ Jp jS/ S-^U 
ij ^^^ii; ^1 oi« ,,..4-1 (Jk-^y ^ o-L< oi^bu^' ii^ i-i^ -I J*- iiJJi Jj c->-^»i 

j^-li iiJUil itjj>\ i<>JJ ^ Uu-i ji JyJ* i>* J ' 

ol>b" a a*j . ly^ \yj LS -~ J .\* tEgXEg 4 oL>Jl ^ ot jfi 



LJ jjmfjai <i'WI 4^1 <!>Jl j I^f jVl L.JlJ Ji* <Jpj . sL^iJI ^ U.U 

• uMjW Jw^j-iil ^ <• ^ ^ aAp ^-LJ-l J-*^ ^tj J * j*j . Atjjtt 4 U,^. 

0^ c cJj)l Ley iuuo LjLjL-?- Jp l/j^J fr^js^ JUaT>U O^jJaJl «i» 

uwb dybJbll ja ^yS\ IJUbj .^jMl jJa- Jp i-^t-J"! OtPp-il Ol^ai J 

ijjJ4j g\y\ -Li ON (j-U^JJ jit»j I Jjt- ji* 0*1 ,_y>- 4** U j£J 
OL'1 ^P Ujs^p ^ cbji kiiJi Jliy . i ] ft aA 01 la*- v-Ull i^iaJl 

Jy, ^ikill oVjU* 01 U»jil li) t ^Ul \Mji^ oL'jj Jp aujll uiLcJI 

. olfr^Jl JjJ -Aj/ Lt Jp J-^* 1 <l)l j>jC iJXP 4 *>Ui Jp iiiU l^L. US 

jg. iijkJl< *£Lj 01 t ^oc jij* ilL* jj-t* 'J*^^ l- 1 ^- 

: ijc^f ijo^i on j 1 ^ 1 W-^ 08' "-i^Wl diL" tjj . jUI ^p 0l£.>U 
C—J ^Jl ^UNt 01 . CjL*—>Jl! Oi^ 1 ^ Ot^ 1 ^ Eg X Eg _j (jy^Vlj SO(32) 
iiJl jUNI OLi ^ of Jp^-j I^Jjf OijJbj-iJI j^J c o J~*i j^oJI oV5C-jJI jUI ^JaJli 
jl/J i^liill oli^l JJLU L.li 01 4 Ids;- 5^»j It— iJ Jp iisIU CJK' lij 4 v 1 -^ 1 



01 ^£jc Jji'i 01 i ii>-_l.l siJd: ^ L^»lj OK} . iJlSCj iUi ioj ^ i-^ji t Ljj 
JJ»- Sap IA OlT L^J SOjs-j J^yl *jjiu 0i| ilb» OtT . ijb> jJIJ* so* cliO^ 
J>U JJLL- ^ ^ jbt ouT Jyu^^j, iuj/l olS^jJl ;U J J^j J! ^ Lib* 
LjiJl 4 a^j j\ i j^-j J^Lio U ajui. U iUi LT bt, Lit ^ ^ 4 ^-^1 JW 

£-J1 ^* M . S^l iUiS/l iUy: JjL il J| sj| ^ 4>T ^ 4^t c^t . aUii 
4^ M • W U-» iilat oL> t/l JiJI l^Ll ^ 4 JJi JJ L* c^K- ^1 
U ^0 1a£*, . :U syLp J V^U- UjLipI j£r U jloic ijb-l, ^>J J^LLt ^ i*b* UL1 

01 j^j S-l»-lj Sail oLp. ajj^Ij oMU- ^Ml ii^b- J 1^1 kiU -iTb ^ IX* Jl ^btf- JLii 

. c^*>Wl ^,jJoi\ till oNU i/i' ' «L*U ^Lbjj <_ij> 4 ^U- 

oMU-l ^ (jbc ix* Jf- t^k; ^ . jJUJI ^1 i^k; J W>" iM* ^* 
^1 J IJubj . ijtodl LJI js 01 b> JI3L.J 4 hJ*U ijL4l JjU-l J^U; i^Ldi 
oy^JI 3>iJ j^l ^-L-t J* j^-Jl JjU 1^1 4 AiiJksU JU*Nl ^ jjlS3 ^-j;i uiJlAI y. 

. J»- if OlT 0i 4 s^y^l 

o\ & . 4 V'V '^V* jp^-. '^M* 

. 3Jj>-lj iwibl iujid bb> C^U>- 4 JJi C-li If 4 LflS' olj^laJl aJL* 0J . >■ 

i.jji^lj AjJaJl ^-bij vl~>- 4 4j_j^aJl a -La (Jj . LflS' Lj ^j^/ oliji-iJl ^yaliJlj 
0U)j 0l^> (j il^LJ (Jjj J^-i uli ol.^.r tyll l ^ t ^i i 3JjJ^I oJLjIji* Obyij 

\\\ 



* « ' « 

ilL" -UP 4 j^ij Ji C-ij.ll J <u£i ' jiS^I Xty^A oJL* ^ (JlJ L>*JJ^— J ^ 

i\*$J\ i>\ & JiA»> <■ OS» o\^\ 4 fc Aa-^t ^ 

S jjiA ftlyry "ftjijiN 

jl^iji! ^ JmJl i^ij jjvfciLl Ajja-ll J*pVl i<» : ,./»N <^ Ul . Jji *H • *r~ p j' 

^ ^ij* j£i . J»UJI ^ ii—L- i£-y+j**£ Jl*o U-Up ^UJI jl^jil {ji'** . ji** d\ <^S-. 
t^i. — jji^ J^t *Lii Sj^JaJI <j' ^A 1 J*J • (jy^i oU^ll^ Ol&l 

^ V*.-.-^ <^ Oy jLi lysis' <_i*Jai JjC* V^' *^ 

Jl ONI y> bit Jl >yv SmjNI ^UNl ji ^Uil iUNl ^Ijl^-I v^-j . aUjl 

J*^ ^jJw *Ua*l j^Lf Uo>.j AAiJa!>\ »lk t titjn 'oJiJiS OL^JI ^^J-l 

pLiiil ^ L^J>- ^UjV 4 4,1-1 JJ^ ASAJ iii* j] iUil 

. j\~>H Ul^M bo* ^ g;JJI 4 J^l stringy .juldl 
iiii Vii ^ -k£$ ^ ^ ^ &}\+ 



iOp fU LoU i>Vl JJi jA jG$i\ i*3 ^ < Jit jt jtfl ji c 3 W «=- ^>1 

«3,U J* J*iAJ IpjT oSh Ji U&\ jUjll lU-^-I JU— ' ■ ^ 

j-U» ja iJL* j£-i Lf»yO ^Sl e\ijid\ -i^' <_£->- i/\ Jb i-X^ 1 jl^>H j^j 

jJ_j ijoi oAj-br i-li (_i-i^>^ 1>JL*» . dlij— iS^ <j -^-<<-* \Xmj . l_iJL>- I - ^» ^^^-H 
L*4* LiJI ^^4* Ol -Uj Ja...;^ ^..,<iT ^jSO $ (jjf iJlLt* (.JJI (J jj^/l 

-LSljl J^'lli ^ j& t i^Jbl-l iig^JI jki j^L- U 0^1 pJplM ^if ^p^> . \ \W 

j£- A LSjf i^LiJl JJL-j)Ij Iffc* J*l*JI 0^ . 1 )a...; 1 i.^ OjX^* 1^1 

(JpiV ilL- dJii oL>l^L u » J «-«in| „. cJITj! 

. Liil oVl 

^ ^ tf^vi jjy a\ . **^ x i\ ^ 

S ifla 4 ^ ViU . ^\jiM\ o.^ oUi^ 0^H Xn ) V*^ 

(Hi ^jU J 1^,*^. JLiJI J**JI J\j Uj . oL_-»U JUt ^ LpjJI oL.L»jl 

. jtd t Lit ^.V 11 <^ i^ii- Lj' i> Ji-ilV) 4 oUjJI 

y»=Ll «JU ^ JOyl Jl 01 0j^ ilfrfl jS^cV JJL^ iJLA ^ iSJI^LI 

l^IT oL^J-l J^ 01 . JJUlI »ju J* Jit. ^1 oL^-J-l J^ y'u» . i^ydl 

OVl . JS' : *Jy~l s-tr^l ^j- J 

(X- i U Js^Jl ai> ^Li «J JjUi <^ill ( JL-Jl ol 1^1 Jl^ 

. jJ-U ^t-j ^-ijij iyJjt* J^ll 01j J_^iJl» . jjL-JI IJU 
^yuy U 0j 4 iX-U- C— J ^>y~ j* *^«* l^*/" ^1 oUi,.il 01 

\rr 



0*L (fi ja \1m ^ . ^J! Jfr j^ali Oj& of L-Uj < OjjJl 

. 3^1 ^kl) SJUJ 

^ii Ol Ji A^- <fU-^(l ^:.-;Mlf lJL>r 4.«.|* (j^>-1 iii^l L^jl ilL» 
A^lai . i^JaiJl »JL* ^ tS*y& <~*r*f W • J^-H 

* ^ ^ * * -* 

f jljMl iiL V^JlJ-l {fs Jt£± . (Sly* Lj^L tfjA Ol JA ji\ U Xi V) t <-«UII i~~JI 

^ JU,t Ji Uy tu^i <j u^ii ot LjJ jlUJi j>7 <j 5^1 ^O^ 1 

i^JaJI ^ ^ Juu £lj |l <4U J?L~. oSll ^ Oil Ui03 . oSlI ^ »LU*i-l <^ JJI vtr*^ 1 

jUix LjkJI j-Ut J* fiUV 01 tljC- ilijM </j^ 

^ jjl li* 01 . ONI ^ UL-J ^1 cL&l J-^li: ^ 4, Ltf 01 ^k-JL. 

^ iNj . jiS^J! L^U, -u, >^ jl *Lii ^ OvU* *[^>-M U^-sJl ^ 

oW> JT juj ^li > j^i . ONI ^ dJJi uj> UJl okpiM xTiilL 

iiL. —shadow matter iiiiJl S^Vil <uip jlW ^i* . iilil ^ ^ J*- 

. iJj.xt U> J^Li oi 5-Ua3l 

. jlTUU iiLLI otjJt ^ Ir^J t V W ^ ^ ^1 U !j ■ U J 



» » *** 

•r 

lo*r- SyJ Mil* »iiJi ( _ r Ji t **yry «iXlJ iiJlT . 

Jfcs ^\ llfitfN ^\ ^\ ^\ > £a o\ > 

^ oli 5*jJ iJbt ^ . oljLil IJu IfiyiJ .JiS^ ^U-l cJ^JI J Jjt-jjN 
J-j£ o|j l4*r *Li k oi 'I:- 1 *- V^s-^f ^ «|y ot ^jk^J L. ji 

^ J^S ,/M ^ Jl ^ cf^ ^4> C^" ^ 01 > 01 X\ 

. ^>ii ^kJi ^ jii ^1 o-V^ <> jy^J' «j >t Ji>Uj 

JPjii ^ Aift .'^j>^ O\jjo^\ jPyfl^.NJ^ \^aik90 *Ucu\ O^Jlb Ci€ 

j. Ji ^iaMN tNiafiA ^ y iiiij *yA o^\f ^ ^\Ji\ 



M * t I 

i^L* j— -«J ji>\^-\ Cjipl (j IJL>- 9-Lj»j oL^iaJl jl iS ji ,j> A* J^"' ^\ 

-Ui jl jibJLijli . l^-L^ ( _ J i>- ^Jl jiAjbW l>lc JL.jl»- Li jl Lie- 

^51 ybl^t »J>y>, s^kH ^ £U jl jbuN. L> 4.UJI iL-Jl jL^I j£c ^Jl y^l 

ji *^j/>J1 oL-LiJl ^ jjXiJl IJU jl J^iJ ^L— Jl ij^Ji; o*U- ji x«j **y J. J-a^ 
ij\ i ijUaP i_-S}£)l JjLL U iiftiil Ju^JI <j *J\ hr\£ <S • *~-L.i 

. 4_-L-i i^Ji; jL>-l ^ V*i oli Li ii)-^ -^i 
4 "a&>\»- 4i»Jia.. i>^\s, ii\ ^ c ^ 4 y*fcfc V i>\ 

"or\jS>\ /i\ \ih & Ci\ .iuj^i j» VW^\ ^ V*\p lijp tVfVi ^ 

bi^ ^kJI ji ^jB . Oii^l ii>U jlCyi ji 4 j-*- 

^.ilaJl S^iJI ji xTUl jil^* liij . Lv U^Ip i-i^L' Jul^i :J- ji ill^Cj 4 O^W' 

y j ji^ij oj^ft i,>iJi i-Ji J»>*u> cjtr iauJi v>" M^ 1 ^^^y <^- u 

. ^-Ul jlTUIj cJiT iU; . i*Ull Jlj j^l viJLlSL. 

ji j^jCj . ijjiil Jl Sju-USI j> j^Liu ^-Lli i^r-j Ui^i j^gil j> ji JLLpi 

c # ^\ \ja V. ^ ^ i l '^ N "*»>* N ^ ^5i N ^ N i N » Vi \ 

^ i_-Jl t ^i*y JUa; Jp J*U<^ i-i^ Lii JLip? . tfjj^ ^i ^iV t yS~ 

jjyi ^ tc^iJl o-^b V^' i>* ' W *W iir^' ^' Jl ^ 



S XT 



R - AV* ^ 5f 

i_j^u L< tils' 

LS} t jl&^l JjLy tLill ^ ol£> jjw. 0| . Jo-\) cJj CERN jjj jt LiT 
Ua*>U Ojjjai t L*^- <jy^« LT jli-i ' >jVlj jJliJl Jj^j 

ju— is 1\>^ iy-i-* y^j L jir*^^ ^ N 4 ** a ^»V oir^ N J 

^\ .i£jA **t)*>. ^iii je^ 1 4 J-^** 1 5ai *^r~^ 



^ rv 



* 4 « 

aJu Jp ,j>j&\ <^*^ *i>^' <3L»p1 ^ <U^ U Hi j\ Jaii Jil ^f-i 

JS" i^iai JjiJt jl c^ji IJi* Jpj i lyi If* jl ^^kJi Jj^j () *^\) £^ 



0\ . jtAftN ^ "^i iS^NW tt\Vf\ 

ol..;....v £• jlSC^JI I^Usf ^ijW t-*!^ j^" (^*- *^ 

* * . ... 

^K-. ^ c^Hn ^sy-iN c y>i\ 4 ^ oWVi\* 

j-jQ^i Ji ^ ^ 

fefc t ^ ^ 1 ^ ^ 'H^ ^- ^ N > ^ n j? > 

\ T A 



5 



. jiUil (^yjJI jr-»y^ lt— < ^* ^ 4 ^ji^ 1 ^-o* 
at i^l jf LS>I as Ul t la*. Lv- »jUI <j ^ ^3 otr . yui 

<>* of ^wi ^ <^tr ^ cuts; t (aipi js^ji) 

j£l j^j? l-L» J*j . Lyb LJU»| ia* li J^- 1 s^SC* vr-Wj *— jl OtajO^. 
is- J| • ^i/- i*\ o^-i I <^l*l^l ^ iL»U»| (iUjt tiJUbc J\ iki 

^iiL. l^V .iJUi Li JUj l^JL ^ U>( ^itj ^ jii' ji J*" ^ u^J * ^ 



. lose i^ai oliL-^ > frl^iJl ji— j oU^-il 

i fjjl jOil & Li«w? I6 10 *SlU pjap £L £ ^ 4 * ' 

• ' ' ' ' ' s 

bi Jr ^J L«k-t ^ . ^1 c-^ i ^ i iSy If ^rd) (> ji>* u ' ^ 4 

. ^ Lfi-ljj . V-o* ^bi^l -U> tUti)! i-J_* iJL~» 0) 

. lp» OUjJJj jl^ii i-*-LA ^Ji»w- t jl^*Jl i-j 

JSs-ij Oii' »ft«^9 .sLvl ii-*J "^bj (11*^ ■ 

Lj- ( «_;«,-.,./ i yaSV^2>- oli <L»yL« i—Jslj t ^ j ja.i jl t manifolds a^JLio oLis 



cto ^ \ j* ^ ^ 

jyU-l uJLaj . 4j, uU.-Jl JjIJ-Ij iUU . jv&y Oy*^* -^ji 'f*' 

. i^vJt klJLjl^L* -Uw <Jp LjaJ 5Jj-a» jJLJ Jj c i- ^-ULiill Lo.^H ^jp tl ,.,.,.,1 

(^O-UJI JJ-I ji Jp_f*» ^-^-) S-i^ll >-r-i) Js*" <4 <-^ J ^5 ^ ^ 01 Ji~i ' ^j^j* J 1 
jiliill ^_^JI ^1 ij^laJl 01 Jp J.U l^N IJbf SjL. t jJI ^ C-iS' S,lyJl »1» 01 

Jp < jl 1>S « ; A> J^^i *irkJl U* «-i*J • c5jiJI t OljjiiJIj 

»o-*r iL-j tiJLUN oj> J^U-I ^ j>i3l i-i*Jl l-i* vilU 0l ^Ui 01 ju 

JUkLiJ ^ ii^Ji <cjlp ol ♦.,.->- aJ_Lp . L. jClj j-So" 01 l,Jp i-^-jj Lf 4 ^il^l 

(i i^bJl oV*ll ^ JflJLI »i* JlS 01 «J J-Nl Jjty U, . oSfi ^ yp 
jJJL- t i i Jod\ J^». ^ o*4) J>- .^»U«al ^ ojj t i^iw>Nt JjLJl IJu ^ ^^U; 

. 4 ^jUi* CjN( j*. jjl; ^1 J^LLI 

ftjjk ^ (.ftji-P 0\»y»b^3 *A ,.,A.jt \^\ §J&\ ^> ^^oL»\ ^J* 1 ^j*^P 

jsjJJ Vi\ *A» ^ff '^jA oVwj ^si^i V* ^ ^ 



J-t^JaJI «-La JjL; ^ . S-liw irfljk^l jjP «-H>N| jJj-^aJ-i ^f.^ ( 

^ (I ^/j . i-eljkiJyi U|>iL jNl ^ Sy^ll *<>JI r \JL^l 

. ^Ijja^l jjP JILAI :U-U> ^7 U liiLc'V Lit j>- j\ < L-b. L^i JUj 

^L>L i iyj_ ; SJK' iLIp jjjJin oLjkl Sop ifyfi. l)I LjU 

< » » 

OJbr-j I Mi . jy-UU iLli C-jI^J dji <^l i *i)l— >■! f-Ua— _} Oli jjP ijjjaj 1^1 LJU 

* * * * * ^ 

jiiwa C-jtt kiL-jJ <j>>o U-LpI* yl ^ jl ^.^..J C->li ? V j^ tlX&Ji 

. iJ^sJI olil aJL~« l^Vj < <-^>-ill t,5 JJL~« ^ J>^" ji 

jlWl jjui, t slliill J^i s^lil ^Ui ol>JI ^ii . *±M\ (iUJi 4*U» s-jj W 
^> J>y j UUJI Jj^ill Jp s j^ . LSli. IJlaj . -ilLU 

(JU; |f » ait Hi^i ^ i iJL^JL, iijyL. iJiiJi j^ s^Ip Jyy . aikU jiUi ^Lji ^UJ 

L. j^jc ^jjt jUZll j oyj j it. t aUaJL iy^L. iiUlJli . jibl^j ^« 

. aiiT ^'uui . j^r ^_^i (iuji jp u^j jjkj ijUj _aiwi 



ia-T c-HT UT \f& ^tf-l «U«U UUJI iili&l ^L" Ot ^ku-y . JU-l *Uiil ^ ^ 

J* i li>Ja.lU ^ — ^UJI IJl» d-Jb- oij i jiUl t-U iJL&l UUaJl iiti&l ^Li ^ 

* * ' * j 

i^Lr^" iJSs^ Cr"- 3 ^ J-'-rf <-?_) • _/«-^JI ,j>* l-Jj;- <j/ j-*-J * ^ ^jJ*- C**iy 

jJLJI —iL"^ ibT otJL^ dliij i 12 °- 10 (^jLj ii-b jL* VI t i.>u* L-iO &yf- i 
y^jsiil o\(>Ji ^ ^ J-J cJ-J lij £)A ^ Li*, . Mlk/*^ v~di J,Uli1 

t/iJI, . -UoJ t^JLSl LiM 120 10 <#Lj Vli 4 jiUJ uJ^t UlkU iili&l 

. Jaii I JL» ^-Jj . jjiS^ j$\ j^j j! 4 oli If 4 Jj ! t-—- Jl^ji "i/ 

(f 4(120 Jj^IaJI <jji1 Jl jM^ 1 i_jUJUI ^ U-Lp 4*1^1 OjJ\jj-«JI 

. t-. ; ■» » j»44> jij I 4 1 jA~fi 

* * 0 * » 

jlU. Uj»- j* »\y U ^U;| Jp i^li jJUS ^» ' J** ^ ^i* • ^ 4 ^UiN jl 

, ii^JiiJ £j\r-.'i L* 

JjL>- Jjarj ^Ju lOAj . (jMl ^y^- lyi^* Ji^U ii/^ll <^ Vj^J' ASjliil oj 

oil ^op j^*; Lf < IJL» Ldlp <-iJ 4 jUjI ( Jom IjAiiAS ^^kd! 

. ^JL^V IJUkj . SjJUl j> yu^i \£ J^i U"*^ J*' J JJc ^ *ZJ£ 

ii*UJl jtyNl ai* (jf t/l — jJLill jtldl, ji *it ^L-t Jp -uj^- ("OP c-.j.y 

01 (Jjaj \jjk ^ ^ *h jl s-^ ^1) ^Ld ( ( I* jLX;l i-i.^ 



jjuji jLi^i ^y^. oNi y ^i jr jl ^jui . ou 

J«i; ji ^jjl i>Jd jOi i L. jsLi a LAI U ^A5I £>il ^ jJUil >LU 

4 *ii>. ^1* y iiJct 

jL*jJI jN ilJJi Jp jU^ JjfjjN ^ . A>Jad\ j V-L\ iLjJaj ^ jl Li*. ^-jSLf 

. LiUjL* >_..^>- jNl <A)Jjv> ~<>JaJ)\ iJj&l j& . l-lu>-j ">U- OjSL. £UJJ 

jlj-Ly d)L»-La^ tji-^* (£j ij>^ • Lj**" ^* jfi^ jtLJl ( _ r J C-ipl i^j 

ji jji jJLiJI jtDl ijJaJ! ^-^J 01 J jil/l LpUj . *^ -L^ l*A>-\ . uvjtA^ 

ijwaj jl ^ J^Vl iJ^m t Jj-b^_- ,iJJi jl Jp jU ^ JL^-jj . <ajJj>* j&'iJt^ iitt ^Jku' 
t l-L»- SyL 5_LiJl>- i-*Li aJLp iJul^O jl Lie- jjSo *L>±>- Vi[j . 

. £jJ\ jji^ iij/Al oljlsu^/t J^jW ^ i—...-L» J^-i«i **y^y* ^ 

V N i Sjr^ J«*» V»V **»^» *ir\A\ l Aiia j£ jiJcc 

V'^t JL»j . fjJI ^ ^Ul ^ *£L-i ^A5l »lf cfJUi t 

ilkc oljk^Vl jyj-l »A* jVl ^ys- »LJ*-U v^yj -^j^ 1 s 

. i^LVl JlLAl (.iJJLj L ya<v Ij-T Ow» iyarl 4*./»; ^ 

^if- Al« lLjLj.,.4-1 tbj-i ij Jjcii SjUJI ^ i UAp ? ji} j^*li ji- ji\ Jli 
^Jl iijkll ^ 4^JlJLj . J^Ai L«-bL» j^j^JI UJliJUol LI ^jlL ^j^- jia^j jl t 

. Jiyjl II* fciJULc jlaj L^J . ^ Lyi UL«Jl 

UU j> ol^* frLJ iJLp j> Lsiajt Jj i Jill f-uJ Jaii 

^Jl ^> tUL« j^j*-v»l OU^-* frL Jp ^jy^li *j' LUI tiyLaij . J-Jl 



e.^ JjJ^t ^ J>± i _V^JV iiU^ (.bjj oVbi 4~-L> ^-j-V: V*- 1 ^— > 

lS/'J i~>tj jtSol ^ >i_»iJl J,t J^\i j^j t i^iii^ll iiUJl f L^j 

OjjLtf-j JiJ-1 ^Jp -Ujju Olfrlyr-i 1^1 . o-b-br 4~i»t) ^ ^jPj oLfjiJ 

IS 

IJl* . ^jyrJb ^jp jJj L? i>- £ol>- t);J ^j^aS^Jl ^pls^ L^j^ llL* 

tl^J (.1^1 Jp opli ^^Ji; J»Nt Jp V' J 1 ' uT^ AiyiJ L. (j;^ t iJuOP jJl^iaj t 

LsJUJl jbjNl ^ ^y-l yNt J jlT Ujj t L-*j jj^y JLi 11* jjfsJ . jMl JJ 

t 

jlS.it jl_Jl jt j! jl ^L-VI J ajki J^j jt JJ l^ljpl j*-- L .-j i J-^^> v^r^ 1 
jjj^j jjrjJtj-iJl jS/ t jj-aiJl JJ^ ^ ^t S^lp j^J jlS^S/l jl ^iJjJlj . J-J-I 

^jjs^lt tJlA J^>- J-iiil <-iL» a^So -^"y ^1 ' *^t aij» ! *J f^^ij 

. jtjVl j o 



(.Njjfcyr <-W k y : ' ^J* ^ ^ ^ 0*^^ ^ ^* 4^ 4 



t \yj£j jlj . ^Ul ( Ja*<. t-J JL>- U ,iJLSi t jUJl IJL* J i^jA »_L*- jl&i ;>^j ^J* 

. jsiSsj Uui Jil ijjkJl j^i jlT U-Lp jw £^aj JJ JiNl Jp IJL» t y^U-l ^-JN \a?- 

yk ^LUl vr- <jl ^-^j • ^1 IrM; V: ^ v*-** 11 jy j*& 
oL>J ftb o»-^l ^1 jJI>ll JT JJLiJl Jl o,U -Ui . <J ^ (1 

^jOJL Ml f^iS^ li^j^^ (^yJ JjJ 1^1 4*-j-lJ ij-Jij CjlT ^1) t£vT JJ^. 
ja (. -Ul Jlu Jy" U jJJi Jf- . Jj*j J^jU S JbOaLI jl J t ^M" 1 

• 4 J^i ti^l jJI>IJ jtfl t Lil J*i J* <u.l&t IrjXi] 

jbjl Vlr 5 ^ l^jji Oilajl UK" l^i ij_^Jl *d>aJl i_--Jl Ul 

* * * 

jl J^^l ^yj i ^'-^ <J Jjj IA jl yj SjyaJ 1^1 . lAL-£ Os^sill jAp 

jl Ulj~» 4_bJ_>- jlxiV jlj . J-^f-l \-«-f» 1 4 » ^ a» U-L* J^ii-Jkt j UU> ^bjj 

. ijyaJ' »AA t>»JV (j-^ £^ J!>L*J ' cJj ^ »JL* Ji* 

^ ^ W- ^ *M 

yk t^JUl jJUJl yibJI -J <j[j i \*y£ i-$Ljl5L» iyaJ 1^1 yaJI .jAij jjlii^l 

4 jfu» >uji otr J jucpI . ju^j^ ji^ii »,i£iM ■? lJ ^ 1 ^ t-^ 

i-llJLeM ^J>- i ayrj ^ ' y> AJ^*^ OlyaUJl o^i <J £~y!' ^ j' ^l^b 

jjo jl t U^wy J ^rjMl j^j ^ ^Jl t L^l-^| . 0Li*l jib-i^/ jlT . jelii^l 

. S^jiJI a-ift ^Jl Juaj JU>-I ^ I" . i r ^*S' Jfjj-i jl/i ' ^)U<» -^i l^N^U^ 

^LpI ^ij . i^LjJl (J jvS^o" L-juII jl Lijl JjL^i jlT jjliiujl ^^$0 
^ 4 i^UJI a„..:1I jLi ^ j| . 5^-lJI i-liLl ^y"*: 5-il=51 iWSil 

1 1^ i^- ^ t tjl^. frLaiNl IJL* jtj JlSl*jJI frUailJ 0>-ji jt t (j^-J 



t_jt jlf la* Jpj . cai ^ £X±* « Silil i »a* ^ ^Jl < ^1 

^ aJUpI ^ CJIT . ^Ji ^1 wULl 4iNsl<M ^ ^1 ^JUI ol J^i ol 

J*, wM-l Jl c^^ 1 ^ J* S-^' t^- 51 yr- 

Jjl*i U IJL*j iL»Jn*l ii Silil «.b Jjl£ olT . i-^-ai* i_j 1^1 ^L-l ^Jp iilil ^.^j 

ijjUAl AJjJaj I /ij /i->- < LSj^laJI a-if- V jXjii 01 tj^-C ^1 • Ol 

a1iJa> i$j>^l\ (jji jjJ ^ iilil ol» ; ,.r jjJ *JHj k>Jla^ <5-jjJI SJLaSI oli 
. jMl LS »- iii-l <j i a*j iff,-^ ^ s-**?-* L»*^>- JS' 
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^ (CERN V) W ^ 0> & j ^ l0hn ^ ^ 

us*iW ^jUJi JiJ-b j^ 1 ^ ^ j ^ ^ r u ^ ' ( ^ } ^ 

^Jl O^LiJl iSs-y Ajjai *£ic j^-br- ^Jy. Jji jJUJl ^Jl jl Jiispl 

■J» Ljj-U, *Ua*J W* L.U JdiV LjiVj o^UJl »Jla ^ juu 

. aijkj Sj^si» 



ii'liil 5j^)I Sj^iJI (J Ul . ( LAIp Lk>- 1 ^ij— j Lk>- jj jj.^tT 01 ^k^-J tUaijl 
U _L>- <~Jo Li_i ^jt-. f>->^i j iky^Nl si* ii^^i j^il ^Jiiy . li> 

. oljJSd ^ Lib- <Pji*a^ LI— J Uiul iwiif t ii*UJl i^Jl 

ijyj S-jjA* ^ J; 5 LfUMi ^-Sj t subquarks oS^T i ^ *&y~*A c— J 1^1 

iftjJSP "*Jaj8- OVila- j» <. ^ t Aty^w Q\», „V\ Ca€ Vi\ 

. OL^JI jbjir 4 l^j V4»> (Z 11 '^-^ ->W hy* j .fad J-\ 

^ t JjLB iiis^t iJ^l ^yli . j-slil-i* ja ^ jJUJl . oU-^ 

<l ftj^V siiia 4 ^ "£>\ 

N 1 X 



^ u^; ji jfj^, 4)!^ <^y* 4!^ on (J*^ 1 (iy^lj 

i^iLU LJl aJl* LL>- ( -£U . I-Jb;- IJbr ^_->w dJUi jl Jistli LJLp U . ^ t LJJl-i 
Oa'jU «^ i<Li 4 GeV «J>U- 1*10 £JLJ oliUs jwJ <_jjU jl LJp ( ^-JLl 
jj£. jl LS i>-j) . *s*-—4-l bJU^ ^ jVl ^y*- Lfi^L L*k'-^ ^Jl olilWl ^ 5^ jUL* 

. .lil-U opUl iilidl 

Vwi** o\ik- *»-yik» j*Jj\ ^ ^ai- sL»£\^± j»j cAj^A aia'jAi 

jl£»V^ ji djj> ^Ul L /»*-» . jf-^; t jl* lilta jl JlL*l 

^* . »X(j^iV *iytii\ OU.~V\ \ ijiu^N 0\i\i-\ ftjjk J&-. f\ ^\y-t (^Ji 

oU^l-L V jt ^ . JJ ^ L^UU. Jjb-t ^Ji M Jl b li* jl 
J^i a, ^ V:i ^L-t t J^. ^AJI bx&MX 1 Sij^JI 



■ ^ '-^ ji^ 1 <^ ii^J iLL' ^jl 4 ^ 

e » tf t 

JiU iUjC- iJU 01 ^jii Li} . i^i ijLu ^ v*; U Jl JjAL j^j 

j^sj ^1 iilsit ( «Jai jtyil Lib- y» iJL^S' L Oli l-i* ,Jpj . y~jl\ 

. Oj/^l ^ i. j^ce Jit jl jt^L j^yJI ^j-Jj 4 !>Lli 

^ Jujc'i o\Bi-\ vl^j 0\ ^fc tfftift "Ajjki\ 4 A^A tSA»-\ 0\ 

* * * * ^ 

oli ol. ■■■■■>- oU^^JI) Ua^l oli^iJl LUotj 4 !)Lii ij^AaJI UjlSp b[ 4 O^lj 

"ftji* *U»- £\a b€ 

N 1 1 



£j ./tl\ J)j^\ ^ At%Jl** kLiJ&i ^\*J <iJLil^ VpiyiJ jjJC& . L^» ^/aliLJ jl Lip t bjjtS-) 
iJuyr- V^i i/^Ldl LJUai ^ tjLr^' *Liai]l jl J-io jl tLr^J ' *0^" 

I uvMj & jpJ LaJj LyJl Li* ,.fiTl Lf.-ii ^Jp LiiiJ I iU t aj^w* i]oy~~A 

il-JI jtSs>jJ1 jUjI JjLo Jj-iJI IJu ^ i-U* J;>-i ii^Wl a-L; 

• «-krM i>« £_>-^l V^^' 4^ 

OJu -tj^iJI ^ jl jlT ^ 1-*-* JjJjtj jy>- Jjj>W j| . L«J>- 

iJL* Jl IJb Jii tJjr i-ioi tUlT -Wj^iJl «-*-* Jl £>j . "Ay** i_iLuWl aJT Jj£j HjJj-^ 

. UUp v^U Li jtT liJL iiyd jfl>M ^ S/*JI 

fc\ J&X ^ *Md\ O^V* Jk£- y & ayS \^ \f\ ^ifl 

iUx u^j . j^yi ^ jiri j^. ji ^li ^.Uj, Lj/£!i ( OjJli ^ jai, u^I j^ni 

Jva^ "^J^ 1 -Mj/^^ 1 OL--jLI JJU> iaj, JLi ^1 ^jl^l . £j»w> ll» 

4 Vi. t JJL|/U ^« *jLvJI l^i lijj .L|— ii Jp vLi»i|l aUNl .lLL' ,_iL- jo- L> 



W^i 1 if ) cM^' «j' ^l^" ik& . <~>y?l\ (v-*- Jb-lj k_-Sj 

ip^ill ^ jj^i <^JUI ^ i^^iiSi »_U J*, iju. Jp. ol^^kJI «JL» 

y Hja. JSH\ vUui\ Jfi^ V*rjj)g&N ^jii \i\Ja. \*\ 

Jj-^J-I ^Jai-J il'l I^JL^ji* ijf ^LJI SjU- ^ JtT . y^J\ frLiT i iJjl 

. Ajj U Jp J-^>«a iilat i>lcl J^Oj- ^ L<l» l^Sy 

ill- « iJi (ft t^bJi aJU . ustiJi jbjli £. ^ J. u£*u ^ 

.UULI 

ill Jlj t l^-ii iOjjJLl .JlU iiik^ S-L>-J ^ '''' U :" : ^' (j^? 'u-^-i 

. Ii> blip ^dl ^ ^>JI 

t V-i: J* iOj^Ui oiii iJiai. jjj^ s^p JaaJL ^ iSj£l\ iJlSCVl ^ 

JIT It, ji jy^y iUc >T Ulp jl t ilJL* j! «JL* 4 U jlUJI J oi t ^Ai. 

■ uil->J' 

Ml 



Jor^-. ^ W> o\ £yi ^ v\^K^ o* ^ > — 

4 * 

( _ r <a£ L_» Ljajl ^S/l i-A^Aj . 4-1* J-iJl ay jjJii DL^Jl jjj ^iJy 01 iLSsjC . Jii JL> -UP 
. l^iif IlJ^I a^iJI ^ jjyJl \lt* . l^MA <jy-Vl *i j& < ^LlU 

j^. il . sju^-I cJJ ^ JJI>J1 « » ill* 01 ^ ^> 

. <a ^>i ^i, > ^ oi U e - s»J» ^>Ji ^ dUxM u • ^ 

Lit ^> JU-1 uijiij : n ~ 10 Lfj J 34 " 10 J* ' »^ ^ ** r* " " 10 ^ ^ ^ U ^ 
jsT J>Vl ^ . I > j> i-Uil • jUal' • o-^ 1 ' '*^r^ ^ N 

^ ^ ^ ^ ^ 4 ^ ^ ^ ^ ^ ^ 

^ jy jJ^. ^JJl Casimir ^ JyJcS t Ji- *i>^ 1 ^ 

\ tv 



i^jjJl Si^kJl £ ^ i£i 1^*0 01-%^' J*-^ f ^ • f J ^ £. 

(^jJl i^lj^^Jt i>«-iJl tUiij ^tJI <C-£ J>-b tUai ^ ol,JU»-L c ^iU^/l 

•r^b ' Vli^ 1 j^' <>* ' u* j-^b ^"jm* ■ 

. fe^iJI jjjxu o-j* V-. * ^ '-^J 
bJ 61 Ijj^ay 4.j,.'.;ll Jl IJ^p lili . ijj>-\ 0*>LSLu J-p*i 01 



. *ifi^\ V^\y. j»- 

! jNl JJ Ai^lp fr Lp <> 5~i; odii Lf slj-j homology J^LJK' 

Ojik* \i Jis*\ il^tt lu^V O^Va^V & 0\ U > 

& 4 ■»*-* ^ Vf- ^ & ^J*r "Ajfej ^ \* > W 

^ *i3fui\ *jjbi\ 11a. OjVW ^ . 

Jl« ..->- ^>-j <Jlf>-l ^ iijUJl Aj^j^JI a.l».->.,.,U otjl£>Nl (J^p-[ jl J;!* .L* '^-'^'j 
oL^JjiJlS' ib£3l iC-U- jl t ^?^ iJLsW! oLjyiJl »JL*j . V^U U,j j^iJL j^-i 
W oL4l J~i ^ oli j^J ji Li* Jj . ^liVl £l)Jl l-L* J L> ^\ 
£~j>- J^y jl L*li jj^Lil ^ j£) . HJi jo- JL. CERN j^ ^ Li* ^1 Z j 
^ j^JljjjiJl <u j^i, L ii^ . iiJUJl 4jy^)l S.l.:,-. ( _ / aJUa^ Z ^ jjl ^ 

. i)U»Vl Z jjjj_^l liA iiSof olwu ^ il^JI y> jNl jji_- 

<^1^bA\ \ r 1^*- ^ 

olSTJI^Jlj 4 LfLlL" ^1 oLfcj^/dlj « jj/^/lj 4,,,-lJl *»jy«il oU-J-l JJ iiU»J 

j^A> <;,._,..->- 2y>rj i-jl^>J L>uajl 

»Jukj . leptoquarks LSTjl^ydJI oL J ,..-Ll ^y*— I U t oUj^^JVlT LJjsr <J>j*a£ 
ir-\ t o^l^yJJl zyrj Jfy jl ^>„,i V Lii i UJUJI Sy^ll SU-^ LilCVl 

. L-^ \+t> tl^J jt J^i«il ^ f Lit JiNl J<i 



J Li> ^^li ^i,U-| cj^ji ^ ^ . tsbfj^. ^ L^bJ ol&N i-j^Ut oli UJlj 
■ M ^ tff O^N oi, . U J} J^JI ^r...; UT lij LJ ii^ JjUi^ 

* * * 

. Uy ^Jl ^1 cyi^ J* JUjj LJLSj Lost JaJLJ JLJUl 

Lli 01 jlTUL ^ j£j iLui pLi^Aj i-ii-l oJL& ijkU ^ U 

i^JaJ! . iJUj La JIjJU (JapVl S^Ll! J»-yU JL« iST^ 4,. ■>.,■>- 

. (JapVl JL« Lib d£j Ji J*iJb . i .,,,..>- 4 OJUi 01 oU-j^jdl ^iU; ^ 

4 ^ c^ 6 - ^ H N ^ ^ > d^w> -«^\ o€ 

^ ^r^. ^ <■ -Wa^N jfr ^-iu "a^sl\ 

rjJJ o>Aji) gains' 4( iui i^jyu ^1 LLiii-i ^.lji jr 01 ^t. . ^uji 

01 4 iU-JJ kill; J 1 Oyjaijj . AjjU L ,Jl;p CjC^i 4 jtl (^>^!j 

£**>rj lij l UL^J . iiOju 41>Aj- L. L»b: iJ-U^ CJlT iijyiii *b>>3l tjy^i 

jriyi ^ c^iiii ol^ ^L-Uil ly>H ^UJ 01 Lli ^1 & 01 J^l>l 
(•-"J J*' (ji)^^ (/^ ^ 1^*^ ^' JjbpiNj . ^^11 jlUJl jjiu" ^ -Unil 

4 0L-J-I ^ Ui^-U ol ^Ji cLiVl J^A ol J^Jll j> j^J . JjJUdl II* La^I 
i-i^i jUNI J>" li QU 01 y» 4 ^jl; y ^1^1 ^ ^ Ux* 



i, iu* jl ijis- ill-Lil iJe- £JL Ujj . OMl ^11 g\J\ a*Jlj 

iji*t- Uj jl lJUi jj^j Ai- list- J *J OtT jiUI 01 l-L*- jSwit ,y i 

till jjl* tbl ^ Ojji t ^ lJUsr AiyiiM t_-_Jj i oUVl aj> jjAiu Ojj t )U 

\}$\ /A^u-ik V^i O* t>*^ & ^ ^ ^ 

5 & ^ !»\ ^ Jaj*i\ ^ yU Vr*^ 

^ *4fr J*-4 ja^ J** > <t stiiiT CJS VaUk . 

iyi\j »ju±±}\ SjUij ...tT^nr ti-uvi o-^uji jij < ^lji oyiji 

JJU jo* oli i^Lc *jjal ^ iiJU i*w i \^\ Jiifti i^l ii_^kJI J,! <jVl i^»Jly 

US' ^^J^ ij,L> ^jiii (^j^ ol IpfUj . U—^i Oljl-b j Jlji Lt Ol^Ul 

^1 ^ULI o!>LJt ^ mil jlaAl ^ yt\ ,oU ^Ui^t IJ J 

*™J iJU^I Ju»-^J <p~J-jA <ijk> ijjjjJl ^^kJI jUe-l »_^5 »i* t^j • Vy^ 

, iijiJaJlj »0jAJJI O^Lcll ^jtfj^aX; 

^\ ^ ^ oU^ir\ vjj^l l^Ji^\ ja*j, ^Udl 



»J — ■ 01 Jl£ -b'jLP i l0«- Jb-Li ftJaj Ol Jl c£r^* 5Sy- ^aj 01 ^JbXC 



^ 5^ <Uuu Cjj^o Vj.-'Cll «j_^J^ (ji^-^il -i-ui . j^p) ilL* 

*ir& Jp l^i^ji 0' j> "j J rt7 ,,. , i ^ c iSy^r Ojj j^-H-^ Ovlijji L^L- > ^ ^itT 

jJLJ < Ji *l Jp ij^l cJuJaA\ Ja>u i iJj JpVI oUm-*^*^^ . lull «JL» (j Ot 
JjU- UjLP t US' Uii . 4.,^..^* AjJoj lAac j^li IJUkj < S^jJL^ 



llj* ^juaJ lApi\ oU^Uil Jf .-iU- 19 10 j lJW 100 ^ oui^J oi U 0>Jailj 

Jji |f iiyjr jl JJjt aJ^- IT t ii e UJi ^o^ljj . J£* 

i—jyi -H) . c-iljjJI Oj&M Ji lyAiiA . ^L>- 19 10 JQ»J JJ 5jl»^ jii; 

U^i L-uiV ^- oj> <_>t>- 10.000 j 1000 *L,jJ v->> b^»- JJLi jl Li* 

. iy~-JI slL^Ij ^^^aJI JL-LNl ^LjjjiJl LijUi iilT cJ\ 1^1 -U^i 

^ t VI juLpI J, . ^yiJI J-i-ll <j ^ ^ JT ^ 01 j Jt»-I (^t ^ J 

iN^ i>\ . \£» y<a ^ ^ J^^i^ y Oij»ia-»\ 

1 *-jui\ ^-A.\ cVypy ^s.. ^ U . j ji^V ojfa \,i jAAN 

01 j> L*i~ U JL* 0B 131 1*1 . L« iiijiv V-Ul Ol« aUI J Ju^JiJi 

Lf tJlSLi.Nl ^ «5JjyJJ(i JUJNI J^J( i-Lail L__-Ly 

. w 

01T lili ^ 0t UJp . W L^il JiL-ll ^ iSyii J^Ul ±>-y_ 

j> (JL>- jji^y LfJi*j OK' lili . L^iyti ^yJl J^JI ^Lr"^' ^.A^ll Ol..>>..>JJ 

jl" J^JI 01 oi«J . jjp J^JI jA jaj ? ^ibr '^lO ^ ^Jl 

oljjjjj i-y— ^1 <_>L^I 01 jJLc Lu^J 4 Higgs y\A jj)y Jo^je- j* 



iiwJ iiJUJ! t l^e-l ^Jt ^* La iijl^JI < jJli > iJLS^ 4 jfoJl 

S t>X*» j£ 4 l_«ttA tyt\ diU 

> >i ^ s^i ^ -V. # Vi * O* ^ 

S & i*wii ^Va* \y>k i>\ JsJN^^ 

July iJLi^TI y 1^5 uwl^l ,Ja»t ^itpii . dUi oi^lV J^rfsJl, 

Oyl^iJl JSiiJ tj i-JaJl ^Jt ii^Wl jCi^ t^i< £»i OjJjUi J< t i^-A*- 

. LL-JaJ ytSlI Lj-^aj >i\ ^l>.\ i Li_k lS ^ i j! jS^c l^^a-i 1 Lb- 

. \*^. oWj-iN ^ ^ ^ 5 1^ ^ 



^iUi Jp ^L- j± jU^ Jp jl ^-jill Jp j^L- L£3 t Jb>^l JJ> 

ljjUJI ja ^l-uS 1 ! Jb-ti . J~i!\ Ilk ^ til iJu* i jJLiJi ^1 f^JLl 

^ — jU ^La^ jP J-ijJl Jj^aixlLy IJb«- IJb«- ijbu tlj^Jl y v_J j Ujlyr-I £>jll 

. JLa jl bk <—^r- p~*r t N f I t -^-jj OlT til iiyt* U-Li; ji 

oL-JU J&l i-Uil tUa^l *>Ui U jl <j^i Vrr* ^j—^J 

jUliJl ijr^yj" JujJ- JP 5,JiJI 4 ii'LiJI ijy^it V^yi 't^J |lUJl <J *J J .^.\m!l\ 

tljl^jajl ^-oaj (J 4i^>-jil ijL>Nl Ol ., ( _ r iaAj jl (^j* AiJlj iJl^»t >^-;A; 

^Ai» ^Sli .^jjl i-JLaJl (Jyv-Nt oU^^Jtt Jj-tjt v_J j jdytf jl j£s ii'Liil Ajy^Jl 

y ( _ r -l» . t5^tp Oj^^ij t^jU J;ljS' ^ K_iJb' J^«_ja^ l^lij ^-i^oi ^Jl otS^l^uUl 

, 1 ./}«,; V_>J r^U-' jl .Lw.,.' .„.ll 

. \ ^ flP j lJ^ ^jb^Jl jikj jl JojjAS J> 

jl /I" . pJUl ^ ^U^l ^^Jl ^ LJlk,^ j! U»- dlJj 

■ ^J^- jj-^ LJ* ^U'N jJl;! Ai^pij . ^>JJ. tSj^A iji^i ^ i^-i; Jycu- UlU^ ji 
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^ ij iL-ij iLJUajL ^ J^kJl tlojjU JjoJl ^x. (.^LJI ij. jurf 

fLij^l (.Air ^ i>UI oljk^l ^ JjJuJI p+J . j-uJ ^ JL^l ^ 

. ii'UJl jUjVl ijjai Jl Jjj^l Ol^_JI ^ AAiA\ . i^-J^Jlj 

i>\ ^ i*-^ 4 vL>j^> ^ \J»- ~±f~kjlfh 

Jc* a\2c*>i\ Njjk ^ £ .»yH\ ^rP\A^\ Jam S ^ 
ii fcjbi <.v^ j-ifl Ta^bi £^jt o\jiV ^ ^Sy^ <^/^ 

y y^v^ ^ ^ ^ • ^3 ^ cJ. 4*,Vi\ 

Jf ijjaj S^xii . UjL^-l <_£-l*i UJ Lki>- ^JLaj" Sj^JoJ Jy>r# {Jy Jl>- 

ft L ^^i-o diSj i»U» i^L* iijiiJI jL^I . ( ciU- '910 yi ) dJ*^ 
yu> ^^JlI li> Jy, OyC Jl jjkdl J,i:,„11 . tfliiJ! 

> ol,L&M ol j-^Vj . 'yi. ciU- 7 10 ^ Jpt olili. j U-U «^ 

\ oV 



^ Ajjli, ^ Uijis- 1^ liojf-j iil^l J LjV . 1^ U^Vl UU>* ^......i 

33-10 Vi> ^ ^ Vi _ jaiAN f-J-V ^ ^ ^ N 

•r- 

. ^ 33- io f Uj L-lJ _ vrr- Boh r j_x Of Li~i f Ai; jLjVl 5^ jt 

I — Aiy ^JpN pi L»~i ij~&>*A\ iio(^J-l jl <_£l . liyrj* JljJ L» jl ^inJ L^J 

Ly^il o*AaLLJI jl t ilJLul oli cLit W (»-fy < J^" 0j . Jo*j J 

' * ^ t 

'u4 V\ <y oWJr ^>Vi ^ \^ ^ ^]iV pi & > 

jl ^rij . ij^ili ^rjai I^IS" frLtJ^I (J^ J^J^ ^J-^ '^^3 Cf*3 c (*^ 

f 0 * 

'K^yS iJUJ ij^laj jlyl ^ Sjili L^l (^1 L-if L*-U-j SjjLJI ijjil adA 



j-iji- ^xJ f t^Ul i^LvVl JsL^TVl IJjkj .Yang-Mills jL> _ ^JU w>l^ 
OL „ ■■>- ^ i_^»l>- ip^ejfj ilUill lyji ill Jr* ' 

jl Jji*il y J/c£ o|^ij j-iJl 1 _ r <2JjJI oLLkP jl jo- j i ajjUJI jL* £<l< 

. 4-ilj i$j>- IJLa < 1 iul iitJ^- SJl^-jJI ij^laJl 4-L» 

i izjAA ^Jlii ^ii*; Ob^l »JL* jl j^Ji jUy Jl 4*-\£ Jly U UT jSij 

v^Xil . vV ^ J*™ if*^ J ^ v'^-^ 51 iJLiili oyi; ,Ji~ jj 

JJ t <L^£3l iJUill oLjJaJI j -y 1 ^ ^y*^S". ^J^^j* J**^ <-r^ >• ^->^ 

SijJji "Ox-i frUa£-l> 4 i Jju '^-•i' ~*ij*> <J}' iifUJI ii^J^Jl ^jSsJ . (jSj-*-^' 

Jl* -ui . J 1^1 j-* C.Isham ^Lioj ^»">l» jl J <^-s^i 

. i;*}^ iJliill jl '-r^'J 4 iiLSiil Ajjiaj J* LJiJan L^Li -bjyi 

jJci\ J ^biwjt jl^it dk% quantization ^U^-l jiJLj jl Ji y>A 
j>^i . SjyjJl ij^iJI ijjlj ^ ijy. If 4 l _r^'^* <3i^' -^v^^ Ij-'j ■ covariance ^jI—JlI 
{j^uS jj3 jjliiwjt iJU? ji jo- J ; Mjt iJUol ^iJj^Aj ^Li^-l jl jJ- Uljj jJ 

scale 1>S _«JLJI ij. « s^il <w>l>- j^j^AJ ^ >_..,.; kl>JL<i IJL»j . 

.,jjLijjl *J jy ' H.Wcyi JjU jUyt t jjLj^jI J-^ *i^il ; invariance 

c-L^^I Jii Jili jlSi ji jJ-l^ - ^LJl JU Jil» ps» J4> . dli U^>. jlT 
J.U Jl jiUi^i j^ ; ^1 ^1 >1 ^ M ; A U S*jl jl^j *Ui (j 

! 1 ^! (.U iljl^il ju jlbJI Jl >J»L 1 : 



*>w~i ^ t^N^-N £s._ iJaJ^r cAtyi ^ojm 0\ j .- n . -n . - . A N 

oWy> 4Ja^ j» ^—-^ oV ^ JiU ^ .^/i ^ ^/N 

OijJl j i-Jyu V ^yij . -uL^ Li/^ lij jcvlaP t J-i' OjjjiS" i-jpai (^JlII t Z° 

L l^U. ^- ^yCl ii^Jl «JLa jl ^ . ib£jl »o* jl ^ ^U-l 

ijLtl /Ju |f jlT la*, — S^l ^>JI JJ Z° ^1 J^t ^ ia»- |f —SjyjJl ii>JI 

}L-ta ^.t j,.* OjaJa Z° . ii.*.st\\ Sjj^JI V- -V-y J*^Nl 

. UUiil^ SOj-UJI ajjjJI, UjaJj^I _i_ w LNt (jyJl j£j ^yjJl JL>-jJl Jp LfL- 

<! ^ £t j& ^ j» 4^ c£s 0\ ^\ j» ^ 

L-ijj jJj^ <^j\J- o-oTl gjoJl, Z°j W ,.,,.4-1 ^>i; al—^t ^JJI (OOiJl ^yJl 

L. J^l U,o4j . C.Rubbia 

i *yrj\£* iay^N S^S* j* j* - ^ ^ 

jl Ji-*ail j^j . jjpN iJUlJl (j^ijl jjyW Ml LiU; 5J-^> U. ( _ r J i>_J V^J 
«JL* Ji* oli . UiU <j jJUJl y^Ui J L_<jl ^JL^t ij^L jt aJU ^ Jy^Ul ^UJl la* 

. ^yli jlUJl J ii^Jt (Jjyijl iO^ L$iJl ft^l Jp 1^ ^3 jt ijyWJI 



^.w-^i o\ yci j* 

oJl* Jj> . L^U-l ^JlJ^ij W aj"L^-c»-) ifl Lilys')) ij^Juil i-^a^jjl 

. j^il ^UJl t d ^> £. JpUi;N l^N <. Iplil o^-Jl JJLL' J*f N ol^yJi 

. j>i > jUill 

LklSLil jg\ J ^iJUJI Ly^l ^-Uai . jJUi i^lrfi J UUJl oUl;Jo1 w.-^ jl ! N 

^-ly-i ^j-u u^j . ^uiyi jjjU 4 i^yu ^ji ^jyi 

ii\ A*-iai\ 4 0*^^ O-^ ^ V* vA^-flS*"! ^jAj j* 



iii liJo>- jl JL'Jjv j6" f ? Jib JL-jI -b^ jl ( _^r J* . jjU) -b-tjj Jj-Ij 

f £ £ £ 

-b_Ji jl^u e^lil >_J> ^ii . iJb-b (jy>-l Ai-j jUjI Jj phase transition k,jy^ 
iLilj . Polyakov ^TU^, c-fl If i dj&i b Ja il ^Nl 

^Li>N tj^-S- jJjlII jl . 4-~.bJ JjJb- »r^_) ^-bu J (^.iULpI J ii^laJl 

It' 

J^iLi-l a-b> ^iuyj . iJL^I oL'b^l £bjl Jj-1 JiVl t Obj-biJl 

Ji£ i-L^b jbjb" ^jiii L$f-^\ <b— Jlbl t :>bJ (jj jlSbij J^~! j' J^-J? 

<tUJl aJlA t'ujl <J jlSs^Jl AkjJ^I jb>Nl Olj 4)_^aJl sJLA <jj . 4jj^ jl ob<J. 

(lbl» Jyl . j^JjJl Ob S^JaJl j^-J? L«ja.-..»l bl Lib Ajj_^Lj 0">U; L^J 

. <u (J^-lb l.b> ^ . Juu JLs-t Jib J*A, ji . bj-^^ La^I 

* -^f^P ^ (.W id-* ^\ *V V"* j» ii\ 

. '^ijb-^ t>jy~& If ^ Ol-^r^" • £~ >t ~ £ ' '-^* 

■ ji*- jb, oL>L, jl ^ Lijo^l Jp jU^Jl ob*^ jl Ai^l . yS" 

UbJl ^yLl J ob _ jlail l-u J ^ ^1 Teichmuller J^l; jl y^UiJl 

. v^l 

■ ^ j^L^ CJ^V^ j^. b\4\ \j* 

1^1 . i-Ub iJl^bj ^1 Jl i J x^\ iUJVl Jj^i Jy^ jl . Li->- ^ 

i^il bl . -ciUl 4_oL b^ ^1 ^ iJJi jlfV J^i» a^P Jji (£= Oij Jn_,l 

JiilV . Sj>J» j Jpt OLLU — *JL— — ^w>Nl 

. b; ^ t ^/-bJl b^p 



oL~-JUj ... 3 jl 2 jl 1 (^jL-J oL-. iiibi jl oL-~J-l «Jj>j . iJlj^-iJI 
iw^<i (JpNI ,ji~Jl Cjl^i jl Ji^- l ij^f ^LrV t}^^b 2 j 1 

L« I . i-j^jj/ l9 10 (. Laj t til;"}^ JJiT j^. L»W>t i^jL-J oli j^J ji 

^li^ ol-L>-^ (^jLj Ob Oj^J 01 . . . t — jl -Ll^- ' ,..-^ J^l uLJ-l 

2 2 

. XL? 

. JpVI 0j_JI Ob oL-i-l i*j*J? 5^ y^U . j> ^ ^ ( Ji^iN LI . ^ 

. L*. LX jl" l^S 

^'a ^ U^sa C,,J> iojl^\ 0\&i-\ ft i* o*V ^\ £-pj ^ 

e 

^ ite- oVi ^j-* ^ c^AN & > 

J-ii_il ^Ut j s^L. L> J^^Ll ^IJJJj t oLi^ iK" ISj ^ LJT U jl 

■ ^.J- iLT (^i Z oLj t *>L. i Uty j^SL^ . ^ 

. Li^ L»S\j JJj j^SL^ 



"fti^N ^ \_»ykfi. 'i*JcA\ "fc^bi 0»i-«fl>\j (. viiii »1>J*- Vi\ . ^ j 

. ijjaj £\j >^ V IJla Jpj . Lap jtd ob t i-ii-W t *LM J^t 

. JLx^" Ij^J . oLjiJl 4-1* Jli*I 

\Ai ^\ o\ Jb\ .V-Jo ^isr oVi fcJbAS ii\ 

>^ > b Jb !il U . Ls- JJ^ >j ^UJI Jl <L> j ^ bj 



. lJa\^» \t*\$ <^)} j 

^>-l jiju ( oLjali^l ^* <JUi jl tjLiJl d\ lj* ob Res Jost c—-^c 

I — jsr-^y^b homotopy \^,yy,yi\j L^r^ill 4 ^o^l ol)--....!! ^ 4 bjjj 1 JU-I 
i;Lsi>L, iialjiil ol«.U»iib C. -^"J -fe <S^^~ cohomology 



N 1 i 



c-iS" . J.Strathdee ^Ju\ji^ Liyr (J-jJI <ji <^'i <^>-u£! ti-i' 

o"L>- i^. ^ 4 B.Russell J^, JJly^ t _ 5 S^-i1 |f ^ij; uy- l^i ,Ua«lVl 

: J*£JI : L.Caroll JjjB' s.L.^i OjTjj Lil sJ^j 



^i^Jl Jj-i o-JI cJjL. 
\j—±a U ft t$, ^ — il 



^UjJI Jp »_jLjJI j^p j c-S' -J 



8 



jia-yj i«br Li^l {f^i) 1 ^ i^— ' Sheldon Glashow jjJkLi 

Xill i jd^oll J* i Ai'Liil jlyS/l fj^i*- oji 0) . ^JUl ^J.fcW J \t..i; 



^isu*\'UaA Vjj» ij\ Aisrt ^ . A*Jai\ 4 ^ Vj* ^ 

^ ^ jm t *^ t j^JI bJlii . 1^1^ jJp iipL* ijjiaJl jl t J^i^lj t L>^j>w' ^^J 

frbji J.^i7 ^J* ^ . Soli! tbjj ( _ ? »^ ! L-i oliLi^/l j» Lb- 

ol fr^>s*J <jj-^il jU*' dtt S-UAjLI aJLji . 4Jji/j t 1 i^j^' 

Jwbjjijl ^ j^j-S' Liy j^Jaj t^jJl lJ^Laj* L^j^o*- If- ^ ^lil — 4j^<ai«»]l 



l t ^3 t jLiJl IJu ^ Ajjixt ~<~e- j^So -lij . <Jlii5l p-si*; iijiiJ ,j>- IjjJ jj-J 

* « * * * 

i a^jJ-| Oji*^ ^jJI 4 OjjyjJt OjijiiJl ^Ua-^l Jyuj . iJL»- aJj! cA>l-b L*j>- 

i)Uill jiU- (jjj iLaJI |^*~J L.U- J[ t illii!! i^Juj »^>-^« <>J& *j*ry. 

L>J j£jJ*il l^t jl&Slt ^ JaJ^ ^Jd . Sjii ^jj ^-J ^\ g\J>\ . iijil ibW 
OljUiNl iJu^J SJbJLjL-! (t) .>.;„^ c-JS" lij U-i I^L jl l j>- ^ ^ 

9«L?^Jl l^L OyCli* lylT Ujj i iiUiM j AX— V'J-^' tSP^ ir*^ (*ft J -' ^ tijj*^. 

1 i^Ja i-oiS \■a^y^i . ,Ja-*^ tbeologists alchimists 

Jj 3 - i/ Jy j/- ' u^J 1 Jlia-^I ^ -bJii ^- yvii 

9-U OjJjbi jjtju ^JJiy t l^li f Ub a4J1 UJLi-l o-Uk Jt. oL'V a^ a,J 



. i^i u,yi v-U\ ttf^l i^LM ^ 

. JillJuT Ljji j jJjJl f JuL Uj*il jjia-^l Oj^l l ^y>^ 0\ <j} ^ ii t ^ 

Jj'liJI ycu-ll -UUJ jl ^1 ^ UJi>-j Ljjl jl ^ II t yS/l JJLi>- ^ til* jS} 

aJ* <1j»JLi ■*■■■» (. \ > o 1 ^ Ip tl>Jj- ^JJl ,JjU>1 supernova 

^ t^i o£ (. cAjJft^ » ij» ^r*^> d ^ V ^-oi\ 

V»>U ^ 4 >Ni ii\ ^\ ^ W *\&* j* 

frlJU.ll »Ju jl ^Ju iSj>^\ ilAiJoj iiL»j . ^tw^- (j\ \S ^jJi (jl-U ilLfc jl Jj t LjUllaJl 
^1 J*\j ijyy^JI (j-Ul tN^A (^ij jJpiN .l^iLi^Tl ^ S^J-i>- frLil ijjSL^. 

. cJK' L*^-* x* 0 *' ' ( -r— (J^*-^ < - J j*^ > 

i& £ c stifjw ^\ 4 ^\j*5Jii\ tfte-i i >^ ^4 

iUII jSl . Ujw. £ujS\ IJU jlT li) ^jlM t ^Ll ^ Sis 

j* »jU>I i Is- ijr 1^1 . j»^Jl ^^i"- Ll>- iJL^o 1 *j ys^»Jl ijLw«-jLl *^>*J lLAj*^ ju 



J^-io (Jt-i oliU» ^UjJi itjy^aj l^i j! ii'liil aj^j^JI ij^laJl jLail fAjri.A \i\ t 

ULL* O^si v_j,U£ Lo! Jyj^ IMi . LjjCJLij ( ^ku-J olilk i 

jl j-Lj ^ . ^yJI llf ^ <^—J ^ jop L^Ai ^1 . j£ j^*> 

5y ^ — J . OjAjuL -J y>U^ lit ^ t jli^JI fr Ui J*«JI j> jl 

. ^UiT Lj^ yNl OB} itl^iM J aJ^UJI 

jlUJI SJly: ^UJI jjj-i ^ J if-Li)l S^UJl il>t XtcsA . ,^^^1 j^ij J>l o\ ij\ 

IjMa ^£pNU L~_J-I <\i}J& JS'Liv. J*- J ^ ^1) 1 ^ 

* M f. 

Lull JjjJI ja ^JJI J[ jUa^l ^L. CJlT U, j<J . JU»1 L>i o^J 

■ Vj 1 ^ 1 fW f^ 1 ^ 
U^i -^i-^r ' Jf d\ ^-f^fi ■ S-Ij-^sM OU^JJ O^S AiJ 

Ol^l t Ljt ^ii . Jii ^>\syA\ \i±s. ^Jl villi L^J t *iL- ^ y^l 
Jjt-jj V 4 L^w» jy^j 1 jii-Jl ja L^>lil iLU]l ijiJl J^U dik i 

lil i ol*~JLl frlj-i ^Jj-^ 1 J^ 1 cr^^i J^ 1 jJ^J • ^j' J v^JlT yNl jl JuL^-l} 

IV. 



l^-j jl Jb ^/ iUx. oliLi^l ^ U £»j i j^_- J J-«-*Jl jl-U* LEP ^^J Jp^i ^ 

. Ull 

kiy ^ 4i j*WS^pN*^r*iV«i)i>f-3*i *aMN 

' i c * 

t * * 

j LjyiJ JUNlj <^>- J Ol -ULpIN liij . iUj Jj^ _jJ-J ^1 jJLL" j^jN 

tlj-i J J^>Jl C-ipLi> -1* UOajt ji (jo- J . jLsil lift Jp JUiNl ^t .-7M l^i 

. SJbJbU oliJ.1 y^J ^1 J ..1,.,,-H Li,l iJL» . U/"i If Jill .s^iT 1^1 

ijSll j£> <. £*y^> jl < v^jC U >>-l jj i ^y-^^ jW^ 1 <• \i)J> J t j^i 

iZJiy^M Jlji U) . ,J-«-*J' jl-U* Jp-^J ^» .,<r:ii (ju (j>^ y^-* - ij^* tiy^— J 

JiS'Ul l-aJI jl If . c^UiJI jijj^U jUiiNl jl ^jwJI ^ . jUiiVl ^ 

i_^l<^ tjyf-V Sybr t jjy-^^l ji?i/^l y ^y-^r j_^— - t J-*^ ' ^ 

ijyiJI -U-li . «Oj-bLl Ol.i>:U Jii-o ^-iJ* Ji/*^' C" 3 ^ <Sj>^ 

? ^>j>Jl «A* ^ J^*Jl J^i ! JjS ^ 1 . . ^ jg\ pjaj ( JJ^ t i^yrJI 
^SftiT JJ t^l/i J^*j jlS' If J-»j«j ji j+a* 1 • « }^\ jwij Jj^i ^ .. In:- ! 
lJL>- ^4 ?^ tLTiS/l ji Jji . -ba> c-^i-i juT'lJIj IJLa jj . 



jt ^ 4iT IJji, J j^a-iJl . OVl Ljaji ib>J; ^ t magnetics monopoles 
Jyl j\ Sjril 11 SJL^Sll oljJaJl ^iAL" jt OlyJl al& ji/ f-U- jlf LCjj 

( J^Li-> <l)l jj^-^ l-i* Ol If . Ob^jjiil ^-'J^ (^lJs i-"lj-b lji>w» . j»^tJf 

. jLUl j iijji. Ljajt ^vjO; i-_*-iJI OU^j^JIj . ^^^^.Jl jl^Nl^ UUaj} 

# - 

j jl »La> . Ijj- \Jor -U-li t^i jj>\ Oj^-jj <JU_U lift ^ii . i^-ljL- OljJaJl jtSM 



» f t < ' 

1 U\ cJi jlSJ . 1^ iji*. yrAJl J*iil ^U^TNl t Ji^T t JL>. 

jt-pjb JbjJ (jjj^lLiJI iU<S)l ^ c Jail «ji>-Vl C— il _jl 1 j — oljJ — il (J i „^'l L« lJL»j 

I^Li^l j^^J — IfLf aJ^L. !_L* S^L. j^j-V, I^K' lyJi yX\ ^\ .IL 

(Jp I ^ ...ai C_>- {J *l Jan.* a-Lftj ? eilil 4-Xa J^-i L»j t 3 J>Vi^ j} . 4-j/i 

Superconducting "«iS\ii\ iJiNiV \"i Super-Collider sjy^V* t\y 

\k o£--» ^ <■ ^o*. ^ ^ ^i-. ^ ^ cteMe 

JjU jl y> ^Ja,->..l U . U Ja^aJL. ^JJ ^ Lii oLrLiil J i_— >^dl 

iJtiLC JpLLJI Ula> ia^j t ^r^^' 8 W^L; 

iijLu aaJli jLtf iiL* v- 1 ^^) ■ s-'-^ 1 frkw* j ^LiLLdl ^.J^l {J±o~j 

^ "*.Jai\ "fays ^\ . t U.\ U»» iiU ^ 

Jp jJj^p j^S^ . Jpl oliLt Jp L^j j J*j>>-\ oUQ? j ely US Lf 

Liylii ^jSsJ . J-Ja»l (J^-i-) 4jLj«^» j^^JI Sjill '•'-J^'J i^y^^ tL^y^i^yj^^ ' iJ ._)^' 

\ vr 



j> 1^ Jjl Jyl U ti^l c-LH t glints oLj^j) f LaL^ Lf s-L-il ^^iiJ Lc, t s-b-br 

. fLiNt a_L& 'uy.Ja.; ia.,,.rtlL Lui 01 » * • OXr^' ^"^J 1 _/ 2j v ^ikl OUiL- 

.Jlj^j oij . momenta oU-lixNl Olj-* J iLi J>L>-I Jp Lfjj 

^1 bLi Jif j>, . ULJ-1 ,.U Jai jSJ ^ J>>^ ^L^- L*lJI 

. ijjjl ^1 ys J^Ji . SL>-Li* . . . j^S^_- *j 1 LlJ. 4-p Jjil jl ^.Ja:.J M 

j^L_j , i^Ldl J^Jl ja JLf j ^l4> ^_sr- Jp j_ji<Jl j j^-T Ua>- U . f LJI 
0^—-*- JJ p 01 *i J^ JL? j oLk^l J Jij- ^y^ 1 J^ 1 ^UaJJ 
J ^ t Ojj^ Jp J la*- JiJ-l oj l p^ . 2 ^>JI ^ jl W ^jjl ^ 

o& '^V*/* 5 ^- ^ ^ >^ 

j;>-j t s^li ^>Jb b^i; ^ ^ ^Jl jJldi 1 0^ ^Lf J ijJJJ 
o^b 01 0t^ .jiUil iiL objXiJl .ill; j^-iJ i^ill *jla ^LJI 

^li Jp J-a^ Ujuj^ Ojw- J -iij . J^l J 

f . Uuj ^^w. Ji ( - Li^ ^-J jJLiJl >UI jl ^ t JL- JS' Jpj . /S^ 

oBTil^l ji J>- ^ :J>l oL>Jl ^ y j* oL>j t O^VL tSjA aJL^ ilU* 



yk\ji» i^j*^ (. *4\<i\ o\i\W\ ^ oW_Jr\ oUis ^\ t, 

i o\i\*c-A\ « ^ si^i\ 5 \ ^ >i^Ja Hi* . 

9 - ^£ ^ i3*j& & 

d\ jw»^j . Jji" IT ' W?-' 1 ii^ 1 *y* O^j/Jl lS/^ ^~*s»' ^ vj^ 1 • ^ 
j j^Pji ujjkLM 01 J c_...-H y> LL*j . /si l^JU- Liprf) lil »«i o\ <-jj\*d\ »Ji» 
. j^/l _** ^ <> Oi 1 ^ jt->w»l ' ^yj^y' kii^ij J-v»^i j\-&>- 

^J3clu\ 'Op C&\&\ j-J tS/A 0\i\£^\ 0>\ <^j> ^* 

U jtf jy^l dJKi; c^jLf j! /it v-bil aJ^j . ^ JS' ^ Sj J_iJ U -u^-t 
* + * * * * 

o^.n ^ v^r til* . ,i vju^ ^ emi j£j . c 

^lyt JSO i^U: Lil . Liil jij-^^ vy' <> ^ ' 'Jyj^ 1 ^M- 

J^J byb- j^si-j, ujXUJI u^'L-j-iU ij>Jl oU^5\ I^Jli ( j^jbUJ jftiJI ^ 

! o^J-l ji ^ oWUll 0) . oU^I 

^jll jJUJI fiLail Ji . 5^jL« 0Vl J 



LUajyj LJ> Jii jo- £jn- . -' > o> ^liJI j> £>Jl W-J ■ ^ 

. v-jj o^l ^ JJI Jl^i)! (IU ^ ^ Jl I^Uji J ^ (JpI ^1 . Sy'b 
J t jjJJI liJLdjt (l>>-Nt jS\ . oLjM v^'^ ^ J «t '-^J 

Jj»-.i l]jS «— ^ U JT J— f-t 4— ij (j • bi j>bj«j l oLNjJtj b'Uajy 

^ I ,i ^ . j» Jl _ jjM ^ ^ cij-^p Jy> ^ _^JUU IJU 
(£ vLlJl1 £b"l j^j^ ^LtjU J bja*j Jljj L. jJJi £.j . IJU J jNl ( _ s i>- 

. ^1 jjVl ^jSfl jiUJl £. J^Uj ^kJ f U ii-jL jJ^L. Jy SJUI 

£ A-*^-A 0\ Jiau ^ t 0\»JfliV ifti- ^ *£>^ V*^. 

i L~*y> *J*p \ ■ ~*itj iSjj dji^ki i£~-}y$A j^ojo L^ji frLi^l ^-V^ • ' 
jUjjl jb l)^j»J Olir^^ ^li-L^al i^juf - U j^iSj . ■t— il ^h.t^l (Ills' t L«-i» jt-^-xi^ 

. -tl^i L« 1-1* . ioLill Jw^iJ-l J-' H ,j (.L^jjJI ^Jp ^U-— J iijLill 
J s-L^iJl (Jfr Jh-—'< '^-j^ *ijWl j| Jyl 01 -Xj^l . iJij-*>U.I aijfc JjAj»j j c_-t^l 

^1 ^- j jL^I ijjiiJI jJJj i ^ji^ ^iaJ Cjja^ ^ (jC II ololi 

~ ^ VI <^l ■ i>— "-^l jji^-Jl oLiLv ol» ; ,.4-l s-Ij>* (J*- ' Lpi*- JUi«j" 

.Lib 
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tL-,} «JJ iyu . ^UJl Lij>JK' (1 — i ^ BLJ j^li j,L1j, Otf 

^ (£_^JJI "U)l» ^ Jb>l^" 4**£i d[ . ^jStt dJL.U 4 jj^JNt J *JU*i 

. MAA flp JJlji ^ . jSLio t i^LNl *L,j-i)l 

oiii\ ci\ vlii^ V»A . j\jteJii\ ^ jiS ai* ^ ^ . Ju>- 5 (^jai 

1 ^} Jaw y\\ ^ jfr U~i 

i < » < ' « 

ij^iaj JUo ( (_$jJl O^JuJj] . ol^y ^->|/* oL^oil »1a <_ ^..n,; OS* t 3U>-'Vl 
* . *■ * 

Ijj- jj^y ^ g t L*jJi ,3?- La,-Li; Vj 4 Jl«j ii ji ^L-iVl ^« J-U- ^jJI 

. ^JUi oi^tV 4^I^LI ^ 

n > r \>*t ii ^e- *io_—i, VoMi O^iybt 

0V t »Li*i U iJjUM .a* ^ . Jjl^ oi JLli t Ijl,. ^ ov!^ 1 cr' j y 

\ VV 



d 1 

U llfc Jpj . UaiLl jL-j" Jp aptiil UJu>-j ^Aj t ij>>Jl viU J* *iw>j (^JJ jfc^ 

jw» A_Jai. ( _ r J a^UJI J IJla l _ r £J t *^1»L>- al^l J fpW ^ jt^l ill ai O-Lj^-t I ^ Jl 

oJlA jl* t ^j^J -k..-; (^L^ <-^^ t ^j^J fl ' in-Jail tlJK' s-j^j . Ua>- jl 

jlj JiJi <-.^j^j£\ \\* J Liiyi AiM jl JuJ^j iAp-ykf JIjj'U 5JL-AI 

jl ^ t JjtJaJl ^jOyA^-. ^slaT.-l l> JS' .k.;: -I jl . ( _ s ->- t _ J i~-^l N Ji 

^1 j£Jj . iia-— j jl i ow> Oi^j ^Ij-' t (J/ ^ . JJti_il ^ ^^^jI 

'u^V- v^ s V*^ ^ ^» Wjf ^\ 4 OU*i\ tfJaA ij\ 

u\ jjtfA cAftj-is .\^\£>\ iiya ^ *M 

ia\ v_.jwji\ ^3 . oUJr\ ^Vj^ V5^ s (3^ cy ^ ^ 

^ .VLj2\ uU\ vr->*i\ v^A^i i^NSiN ^ ^ V> ^ \i> Jet 

Ls_i Jil ^co J, . IJ>U Jl ^uSJ ^>^>\ Jl ^>>Jl tL^ill j^J Jii 

j^i V JbM lit. J J^JI ^ \yu jl ULi ^ ^S' t>J_P i-k>-N ^ii . I^U 

l^li J_jiilj Ji*- _jJj l^JlS' p^lj tciy^bjl I^^JsjUjj t I.L>- oJjjJ~l jlSCsV) 

4JL4.J 1 

ji^Vl J^Jl jt ( ,-U-l j^lj . Uail JjJaJl J jj-J t Lyji J jJLy t 5A;J^ 

jl Jyl l>a_p Ijl>. j^si jj t JUL) t J^' l-i* t Lil I^JU 1>j_p Ijl>- ly IT 
^—iiJ JJlilNj . ^Jlj^- fi* jl Li^ ycj-l t U>- ^1 joNj . oy^ 

J ^j 11 ^J'-r-j/' ^Ji ■ J>} ^ Ji> J >^-L ^Jp ^ c UJ^ 

. Lki-I J ^ j^5i Jj'Uil (Jy^l ^hil IJl* JT jl XL*\ J^i J.a - .-ll 

U-Up lr - w^lM .^j^il j>^rN ^1 w^'^ .(■J' ^ Jy^A^ ^ w^ 1 ^' 
ji i 1) : J^Jl Jl IjUJL. jl _ l^— i: y^k; jl t ^ J\ J ^/K^ 1 j^* 1 . 
Ji ii- jlT Uy 1 . ^UjI »^ yJiai «J_^aJl jl ">ti> . (1 J^- Jp jJJi 



\ VA 



* ii^ ^ >uH\ ^ ^ b\ f\ i o^i ^\ y 

^jj! .ib**^ iiywaJl ij<JL> Ol— >L^Jl i L->L, 4jLii 1^1 . i^JiJl J iijjl ^-l* i*/>^; 

A-Lib otjj ( »--^ jt- liyjyAi- »J> dJJ-iy .!-*->• viJJi ^j>J t j^L^/ ^1 i N 

l a-Vplj ij^a^ - _jJlJ l^L Jyiil -b'JLP jj_ r <2j . ^>«->J1 S-:— ! e^bV>Ul M 

j> k»iyi^ iiba jK" l£j . ob~»j>*Jl liJLLj Jf l; -jaSvJ Jl jij^h . ^1 4jLL>- ^ 
-li U-uLiA ^1 jjLlj jl J^iil Jp j, g jd-j . sJlaLio ^^iSy f£\ i oL*_ — i-l 

jjj . ^ Ljut ^iJl y — iK" j" ^1 ^ il^ oli O^J 

j^i ji ^4-. ? JJLLJ ^_Jj ,Jla lili . 5^1 a^JI JiL" Ji>: juiN ^1 diL' 

jJJLlc Laly ^jJl JL\ jii 1 4J5" . L^>iJl) 4j,U> iji Ji>-^jN 

. iJU-l w-jUJl (^JL. 1^1 JJu"Aj aH' jJ&j y^J\ LUSOl oi* jS3 4 Li^ 

.^J^V ? ^Sll jXJI lJu 4dUi ^-^4 y^S 

jl xkpl 4 Lilian >yX ^Jl ^UJl Jl fUL, LiL j^i ^Ljl jJUy jl ^ t l^lj 
b^. — La^jaJL, j^JI ^1 ^ 4 /Si —ji^j ^jl y: M jl . ^ 
S-bT L^l^> 20 Il-^JI ^.Lj j^il iLT cJlT bli . J^Jl 1L» ob Lj^l* 
^l J^Jl i'yt* cQgX iOLJl ^ j'(T bLLj oijt c j^Vl 

ilL" J i^-i; Jji V _ ^ly U^iP ^ ^1 —l^U Uj 4 axe, jl ?U 



i~>J- \i\Xf-\ b-lJ jV < ^Lii-l LdSL^. j^J La . J^jJl jJJa^_ jl La ^ . LJl iji; 

j^-v ^\ ^. ^ ^ .\tkXj>^\sl\ ^,ki„,.i*i 

j)al~\ t^iJl jSO . -by L. yuC jl J jJ-l ^JJ _ JJi Ju* JlLJl ll» ^ ^l_^l Ji.' 
^JJl c ^_giJl j^j Jiij A>-y Ij_« iiLa j^j _u ! t ^ijl (V^ 1 Jj^ ji -V^y 1 
. y^l ^jLJl^l iiLa j^j -L» . ^jA^i jl *>L^- jjSL^j . L^»_>w> -o j_^^So 

jl Lip} ! 4iLa> LjlT j_^SCj ji _jl i L>^?w> j_jSs> ji J Ja>- i^S/j i 0^15^1 ja 

. i^Lil oUL^h JT J o ^Sy j? L_U- . 
»Aa ^ ^\ c o\-»-Jr\ ^ Hja c jMjiN ^W-N ftjii Vi^j 

« ! Ukit c-^" Jjbl Jp '^j^^ ^y-L, t^ykjy jl ^* ii^l *Lp_^-iil J iJLJ.1 jl 

oLy>- |V ^_~ijl j^LC i Jj^it- ^1 ^ jyA^jV _jA jMl j^y^Jl AliubUj 



jlSjJl V ^1 . Ajyj (I ^ l^aj-^aj 01 OjJ t C~*iy«J -l» *i— jl 

(J-ib ^ (jyij^ p-fif ^ I j> . t^i (J\ (_^L-a- ij*^ ; « ^ U 

IlpiT ^ J jl ^lp 

- 4» & 

4L» it _UU* Ojd -Jj — Lyj OUT ^^-1 j-CJ . *>Ui oLV^ 1 Jo 7 V^ 1 

j* ^/diJU Jui SJb^ 5Ju-y ilL* of JLepNj . O^Udl J[ Ji> c>* ^ 

^ . Ujl>-j ijjkJI ill; Jl jyL oLV^' yr 1 ^ ^ ^ -A^Wj . oLjV^' 

j!1> .u*-- A3l» JJbc U-lj OL-J^l JL^ Olf Uj .jjUlfVl j UjyL 01 

j oLV^l v^-^* ■ iJL- 1 " j^" -A*j < oLSl^^Ui l_jLi^ (j^l Sj^jip 

^ v oi ^ o^jjb l^llji otf . j^r ui —jm if 

Vi!\ii\ Viji^V ^'"^li cj^ . tt&Ji p iS€ o\J\^^ # ^ 

j-b 01 Ojj C-LV^ 1 (^r^J^ ^H^" ^ -^'^ |-i b !j ^V^ 1 ,y ^"WJ 
^jAf f ,«aj^_>»^I 0_j>j" 01 -u^U i <4jij^> klJJ j 01 LjCj . Lf*»j'b ^tA^-il 

^1 ^1 . ^1 JS* Jj» ^oji-.-j OS) ^Ul ^> 

JLi*l^ 



*i\ jjcju ^ . ^ j» jSH j^bi ^ oUy*i\ » j* 

^\ S 4 ii\ »..,..V\ O^Ks.\ii\ jJ* 4 uU Jujai \j»\ar 

"(ujai ^UtfA ^jn-,,,^ Ai\ jo- ^* ^ 'd€ sj\ >&»3 

<s #^\ <y i-jbf J} Uil Jli-UP . oV V UOfj jj>£JNl J LL&I s i- 

L-LJi £ ^JaJ jl Jj . ibSJl i^LJ- L^A-i jl J^j^i ^ i^ijJaJl il — .1 kilt' jj Jjiy 

. <jysJI iiiiy < 4 i>.y>rl\ ^1 aj^JclJI ^la*; « renormalisation 

. oL^yi Jp 4 jULI JSLiJI IJu jlT lil pi*^ lu& . Ub- ^ .lib" 

lijk jlT lj} <j:^>-l> jl Jai i y^J |i t (j^i-Jl aJUb JS' j 4 LI L* l-br j\ 

l--^! J ^* i-^li) b jJ ^r.„^j iJAiP . *)ljjuL* <»l ^ _,iiJ t jX) . N pl NjIa^ J^-iJl 
^Jl dJLU < ^>ll ^ 4 oUV^ t> L*-^ ' ^ ' « ^»^ L| oNjUil 4 A* 

0>J Jp J^i ^Jbj 4 lf^>l) AiJLJ-l iA^ L__^l ^ 4 \ ^ 1 V pip JWj l^ppM 
(Jp . e-^P Lit- p-P^ 4 iwsbjl ijjl ^* a-L» . ij^^ljail iiiL" j^JJ 4 i^L^ ji*- 

**j*J? Jp 4 iS jA iij^Jay j^l Lbu J^iu /•< 4^-Jj J* 4 pjj Oli jt<J 01 j^J>l jj> Ol 
Jj 4iJbJL>- frLtj-i liAJJb J-^aitV 4 l^-a; ^JbJl Jl ^ij oLJl^tiOl ^ Aijiii oNiljw 
. LTLjl Jil JSLio oLL_>- frl^-1 ^ -d»iJ li ljjJL»- LwJaJ (^>-NL 

j^j jl Ljajt j^ll . jy^^ wIj; SiliJ vJai wOJl jOJ iJU-l J 

J^i jlj jJaJ U /Si 4...1a]l jl Ulp j^aj 4 L^»b, LjJ j^j 

li* Jp jiV^I ^ "sUi Jiii ^ . JL.b.ajj^Wl Jp Ul>-al ^r^l O^Oidl 

IAT 



owJl ^ . ij^Jil ^>JL iL-H Jl U^I oli^ • 

XjjliiJl . l» L^i iLJL" 4,,^i oLV^ 1 vliij" jl Jlipl li* . oLV^ 

j * * * * 

Ji Ai u'li . iJu>- l^i f t (Jj-^r jj£~< yi t oLjiJI (J ^y 

JA3 . i^^y j» A^\5£iS ^ ^ N "^i 1 "4 4 

(J ^y Ji UiAi J^il tjtJLf I iiyw £ki-J 



tJ-Lf- U#JJ 

ULpj . a^-_y iiLilll jl y. iJUiJI J} bsrU- jS3 4 Ij* . s^i t^jJ 4 sjl 

L^>-1^ jl L»^» ^Jj t AjUill Jp Jj*aJ-l SjJjJ* dJUL7 . sly U jr -jL" «j_yjaj Jp Jj*aJ-l 
lijeu j^J jl iiUill Jp jlf liJU iiyv ^ oliil aJLAIj . oLJl^^UI ^^uu ^ ( _yJ^dJ 
. c£y>-Nl ol» : ,..-Ll I^ij ^jJI <L«y»^3l L^LiL^il yl^tJI Jji- Jp 4 
Uy>*p jU 4 ">li« 4 IJla Jpj . LJy>- ^^^^ W./^ c^-^LL* ^ <Jp 

^ -uJUJU IJl*j by ^jlll AJjJly _b-lj jl J £-UjjNl} £>yl -U<sy jl jP 

LSyJI fU>L^-1 jj>>-Ip Oj^J jl LJl (^1 . LjaJ iiUJl Jp jjao jl 

.^jaib; li^jij ,__p>J«JI Jj^* ilN ' i*^ ( j-~ ;> "^ «pliJJlj ^— =M ilfe"^ *JliJl 
J tl<JL4 IT 4 O^V^I cjlJL^J i;^^ J lAUol cJ-Lf- iiUiJI JjJOo iijl^ <_sjJj 
1^1 . ^ 4-^.1 J»LJI c-^ l*JU^ 1$ ,,-C- LJLp j£J 4 Lie ^Loj^S^I 
1 ^jkj . ji 4 tLiNl sJLa ( y^> iiUiJI ouT jJU-lV Utj . j>^o 

. Jflill ^ \j^r b-ip jxi' 4 oLVtAJl Jl iiU^l 
JS" <j ^L) t!A>- *.« ..i U iU<9 oli JiU» i_*j^3l JjU-I oljylii J 
jl iJUiJI (^V^dJ • AjjiiJl S-^>? OjAjl. J iillaJl si*j (J^l JUaJl sl^~. 

kilJi Jpj . oJu e t*sLi oU» £*fcrt<- Jl^Lit ^ j£i Jf ^ Jplii 

*>Lw- AJy. 01 XNj _yUaiJ iiKll iJL^JI t^UJJ D^l. oi ^c^. ^Jl^ 

^ —t^y-l JiJ-l aU» j^-Ul JUill JiLI, ! J*iiN *£S . UUL 1 

<iJ&S L*Lv» 4J 1— 1— i- -Luij LjL ■ ollJl iiL~« UL»l 4JL-J.I ad* ^jP-^" 
l^Us ^ iJUill JpU; ^p LiJiU D^o oi —oLV^ 1 fr ljJ» t_^- jl ^ . iiUiJI 

^ j^j i.a.S y <^Aj jl U Jjl jl c^jl I Aa Jpj . t^U-l iiUs ^ JpbLJ jl iiLiJl 
JjU-I OlyJaJ J} Ujjl J UUa.ll ^ JpUiN jl j+Joj U JJUlJI 

iL^> oli jl^l iiL» 4 y^l jy^j . ttA>- J <L>1 A>-y" N jt 4 JS' JJ 4 j-^Jaj U 

A^-jAJL 4 ij^iiJI ipL-^aj iLa ji frljJli . oLjI^^UI ^ii>-l iiUiJl ^U>U-»I iJl c 



^afi t bfii ^ ^ tX2&* cik \i\ oi\i . ^Wu&V j)*5 U«\ j^jj 

t *U»>C ^>^\ \iJu^\ \i\ t ^ . ^ Oiie ^ 

sl^3 ii\ Aiau ^ . ^ ^ ■ 1 * .» ft^yP ^ ^ vIXjN^-a ^eH ^\ ^ — » 
Vile- ^* i jsJQ. i j\ TaaUui ij£ y\ ?>\ i\J»» *-»^^ oUi\£*N\ 

.^1 ji J^Jl^^-J 

1 jy-ici\ \ ft\f . ^iS 

LjlSil | _ f ^ LiV <_£^l jjjL" J Jp l^lT iJyLi jljQl 1JL* J Ul jJju" cJl . t^P^ 

^SCiJl ti! li-k* 1 -* ^1 5j5vji!l j I ^i- j> a^JI jii) S-^-k- jl J)^ 

-L» j^J) t Xy>r f.^ Ajy>«Jl ^ aJbjJ-l Aj^laJI iJLi?l) . isnjw j^jN -L» JbJjLl s-^^JL; 

* * ' * " 

Lk,>»Al jl t l-LSj IJlT fjjl ij^JaJ JL^pl » ^yii iJL^iJ ^ol^i I ,i,-U 

jl Jiipt ji ^ N Lli c-T Ujl^- cJi If Lli . « e.^ ^1 Jjl^l jij 
i ^x-^ll t^ll jl^I jl ' diij-ii) f ■ y>-\ ol ' *j j yje ^ir^)!' 

jl cLUUU JT i\^Ji j /y^ Olij/^JNt jl ^JyN iJLfcj . c^k^-l U, 

. aJbJbr ^■■-^ l-A-^* LjL-ii L«ib 3_^uiJI 

ji, J-*^-* iSli ji IJU ji jj^. jiJJl .iWji ^ JiLfiNj Jtjs-ly la* Jpj 

jV 1 5-b.bU «jjk Li ij^Ji; iL^I SjjL* J _ r ^L J . 105} IjlT j^_ ji ^ jJJi 

ji jujN t iil^iJl sJl,- jXl jl JbJ^ Lil V c-^ii . iw j^So ^Uu" 

♦^i*^ jl Jaii Jj i L>»-><^> jjSo jl (Jjjjjzi^ jy ^j~~J ■ J*^- v^* 1 - i ^iJ^ 1 - 



Jl t ij^-dl ^ t i^JUn" lil diil ^1 JL,.«:il JLn^aJl Jp 3JLi> <.a...UH oLiJLiil 
/ * ' * / 

^ji.^" OjU ^\ Ci\ v.-* \$\}\ Njjk vtii^Ua i)\ j» jjb ^ \j\ 

^ "ft^l "la^ai'Wr VuJi ^ A»Jai\ ^.tf ^\ ^ i 

"^Jfliv i>\ ^ y iii'i Jicia ^ . ^ i>\As-\ $ jj-jfl 

^ ^ ^ 

■iTjll ^ . *l>ill JjL* ixi bp* . IpJJ ^ 01 Jpj 5^ P LiI dJi ai! . j^T J£- *j] 
ji-JJ Jp S^tf SjjJaJ Jp 4i5JU)l jlyi/l ^ Lc,j 4^j olj 01 j^>jC Ul L«Lc 

i-—J jl Jp jA^i- 4 IjUn. 1 ...^U) ^Lk- ij^JaJl oL^iJI t b'lj < lul-UL^i 

oj> i f ^1 ^bJl iUi JT J\j 4 i-JI .h.^Hi ^ Oj/S^^l} Ojil 

. jiljill LL* J^Ji/ tJwj ,>-^-l jjp <£>J*tf ' yUi* J^y A>:U> L^" ii^JaJl 

^,1-17,. .,} V tljil^J- 4 kliii U«Jvj?J ^""^iJj ^i/J l-iv»I^Pj 4 JjA^JI 

frLjjiJI (jOl^i £jjl !_>yt; U)l ^ijjllj 4 flj>iil L -V" ^ j>3 (jr*"' »r i ^' 

US' 4 i^-UI ls^JI Jl^l Jl i^U. djij 4 iUi JIUj ol,JUI^ pOt ^LISL. 



(,^11) L^-lf ^LC i£jt U>iy (*) 

\ AT 



kit LjLU ^ y^C Or-jJLi J^lyJI al^l^. ^«_JaJl jt ^il^ . ^ JT Ji^ 

l^i <J Cj-ApL- • 5-ii»il y>t>Ja5l ,iJI; j> J^lj »U-I J_^l jl Jui^-l Ulj . \Jl->- 

. JL-lJ Upli J>lS3l ji^' t-i* iU jyi v-LNl jy^i 

(.jJLl IJla j c^O^ ^ j^Nl ^ IjS iJUi ii ^-J il^l Js\yb\ y J-iJall J-UJl IJL* 
kill' 01 U Oj- Jl Juj>- bjj-- jy-^" i <s jf- '-■;>■ ixiyll 

J[Uj ^jJlj 5LJ-I (JyUi; L_j JI^JlI y> IJL* jl Jyt jt ^Ja^-jj • -ipjjiJl 
(_J^5 LfrU- 4;iL- iiJl iji^JI jp_j J» iiji* ^p J£~. Jlj .Jiii 

£ UopL-J i^j-br- ti- 5 ^ fwi»>i-J ^-waJ L^-^P ol OS'jll j^j . <u ilitf-'Ai 

IjlII Ia* jl • JpIjaI iL^sJI i^Lil JtA»- ^iL« ^ i_j^L-L 

yl^Jl ^ jlS^i! 4 \s>L* Ud- iiU 4 ^ . j>\ f.^ l/\ ^y^i 4 Jaii oJJl Oply ^ 

^3 . Jj»<c« tjjji ^ (J -U-L—J < V»-kj' tS^j Ja.«..^ljj 0_j-uaJj^ (^L*-^JI 

<--LNl (jjiljill 0J . (Jp J-U i^i* JyljiJl j l\y£- l^L; t lpjNl 

oU^il J>J v-LU jiljWl Jp i^il ^-ciJj . ^ JT Jp L^'L^-i ^ 



\ AV 



y*i\9- JyAL. ^y>>^-. (V*^ o\ ^ <■ v/*i 

. Vj* vutt 4 Wry ^ 

t NAND gates oIjI^JI Jr. ^LJl g-l^l iL.U cJlf lij c -if . (o[^~»£Jl) 

. i_^-U-l ip^l (^1 f—ij centra] processor t£jSfJIl fc}*^" ' <C*^' 

ilJUL* liJJb: 01 l-Xar JLill ^ Oli t oLI^Jl ^* £*~eu ol j^j? tl>>-Nl Jf d)l 
jap Ujlp U ^ 01 tf-bt-Nl b£i £ Jlf ^1 JU- tjj . LUJI £^jUI 

if tifyr J& iii-Jl iiyw JjU ol NAj t L-jyu Jb-lj aL^-L. OlijjU jyi' 

0_J& otj JUi ^LiUj i-k-j ^p-j *-*LJM <S>L1 Jii ol . o»\yb\ J*>U 

. ^ ,.V^\ ^ o£ i^jiN ^\ ii\ JU-o- 

^^ad o\ jO^^i <. JitiH\ & ^ ^ Jl$ oi ^ 

ujil^i oj . j^Ij jj^" ^l-V ^ — J V! ■ Wb* *-y^- > i^^- '^J" ■ 

i-_->^si (jjij* iLij^ . ju;i j ^™-^ri ouuji 



■i AA 



^jS : JU>; i J* J,i j^ 1 j^ t J*- Jii jJai j> ^ . ^ 

iJj, _ji ^-iCJI ^sll jyli jij j^Jl ^ jjii" ">^« aJUJI ji gjl * j^jJl jjy: jlL. JSL^ 
^ cM^ 1 *j p-fr* ^ cr* ' J**^ • Cfjh ^ 

• *li>^ j* 4)*^ 

^S^A ^ is&$ & <£jt J.Wheeler ^ iiy: ( jitfl'i CJi\ oi\ 

s -^>dJ Ctf^S ^ jjjit. i£ & JarV*. \a\ i^jl ,y S syr^S ^\ ^\ 

jl ^jy jlf lil ^jjlN l-i* f L.I ' jk) Oyr L. ,y>-a£ fjk jl jJUU 

^kjJ-y pJl ^ iijy^l tljj-iJI jOl^ J* J^. jl ijji Jp 

-Uai AJl jtjj i jkj J>jf-'\ U . IfObT ».iaT...vV — *LiNl Li^T 

* -* * * 

IJLaj . Ltli j&f I A* 4 ^ . J.K' JSL^ C*V lil J*ij" jy^» jl £*-J^ 

* # # 

t£ jdl f yi\ i VSCi J-^j Ul* t 4.1, ^,.1) tU^I July jv-^j"^ * l-^i 1 'Jj* 1 ^ 
. ^>ULI cJjJl J JJUAT c— J JULI ji3 . t LtSll J^l i^LT —i^U 

Ss^j \i o\ ^\ ,.^\>i\ jft ^is-> ^-ij. »^yry V* 
? l^LL^ ^ f t U^U jfi jLr J> 

t >U-I jp piScJ 

iJ^f-H y>j ' oLv»yi kl--|L« li| jjlij . Imj _l>- iJL_v» -yr-^Jl iJL-> j| 

4 (jyj^/l i^y**-^ Ij"-^ Oi^l 4 -L>-lj Jj-l^Jl >_j»^-« . Sj^will Jl-Xpi/I OLj»^Li 



^ j^si ^e> 4 ii^ 4 ^ I .>_U- g j* I JLa>j . ii-i -U 1 _Lip l» A>- J^p 

4 jNl o^>- kiJL^I cfjJl i^jl^ll IJl* jl ? jil^> . 4—>- Ji ^ jIApNI oL«£. 
SjLLLI ^ U 4 jt jjl t IJla L. t jtf jjl J^i" jiij . jS/l JJ jJj-iJ Ljj/w N 

Jb.V jlfC* V j£l <. U jlSC J U J^-j l^t i^t Jp J^a£ . 

o^y^j 4 «_JL>-UJi l^Li^j Bessel J _ 4 i^Jl^l ft L_iNi alb JT Jp 

. U-LiJ j£j \ ,tf,i.>- i^^-j U jl ^ ^ c Fourrier 

. a~L>-IjJI i-J»Li^Jl a-if- L>-LiJ ^/>^i . iJiP-U^ (jli tLij^iil j L^jJj 

j, e j £ c. t 

4 L^-Li^>J jl Lip 4 jlSL* c$1 J Jjtjj" V LAbilj J.,..,. ^1^" jl ,_Lui> ji-i iJL* oL^yi 
jl Lfj 4 tlj^ill <jj . Lj-a-i^J jl JJ 4 Lf jLf 4 5ijJr_)> iJ-JtS' oli*>UJI «Jla ^^So 
j^J Ji LpS3 . ^* jjI Jjl; jl c->wVl ^ ^t^j 4 J—«y t^jlil jiUJl Jp jjJ L^Jjji 
jl «JlI ^jai-oj . li i;_^>-l i— * ^1 Vj a-jLJl> JjI—^* L^l . oLj^yi jiylji ^ kiJL^-\ ^ <~Jj»\ 
. kiCLC iJL_J Lj ^xiJI j ^j^J . IjlP jl jji *L)^~o3l 

it 1 * 

jLa jSllj . kill £U£> a^^ij U JT jlT . Aiil j!/-^ 'jjj — "i l _r J ^' ^ ■ ^r^*^^ 

iAJi ^ (1 Li^ (iUll Jp tJ^ 3 ,^y^\ J^l ^ *JI 1>-U cJjL. 
tLy^i-M jyl^l jl ^ ^51 frLi^ll dU; y.-UJi <il Jl f>? JJl j* i^j t-u, 

JT J i^.tT jil . dili JIUj (_ ^p^II ilL~»S' 

^ L^>-yi«^ — i |i ^51 jyLail J UjLipI ^^SsX &\ ijJi jl JUbpl IJla Jpj . L. 



*tUy. iU* JSJ: iyr^ & ^jrffo ^ & & <■ *iya^ U»- tfC V*\ 

dJk J^i-I j L.jlp aJ^IjJI otftAnJl ILJj ^JLc iJy- t 

* ^-Si^^ijk ^ ItelO ^fc ^ 

. S^i ^jj ^ 
Wft' SjjAj ^0 ^jyj Ci.-^i "fciV^A \£\j^aj 

l jyUl pi* p-WM t Uajt lit t l ^~£J (iUII iljJL-J _£~JJ So-i* ^Jly jl ^ . jlC li 
S--^ jl Oj^ c-\jj-jU1 L^lf ^.k:.J t *up ijl>-!>U I jki* C— J j£-> <!l . l^^-* 
ox^l .xiJ : C U> ^Jl jl . <ui j^iitM ^il (/^^ '^J ■ ^ 

« y ' * * ' 

. IjLst- ^ jsp -uSJ t L_L_>j L^t^j L«af <iUi Jbt-I . o^LiJ! 
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cJjL; . j <. ^-L_Sj »wU (Sijj^ (i — » J Stephen Weinberg ^^j) L/*^ 
j oL«Lj_^l <ij c j^Jt jvic-j llUillj i-jjj^Jl *oJ*"J oL— -4-1 

, J^Uj j£ f^Jl y.j i UiUl jlJjSU o>— '^M 1 jL*^ 1 

Jc-»-3 ^> VftV^VaaA ^»^Ji\ J»i . ^ ^Ja Cj£ j}U\ jPy^.^U^ji 
i^jA »ja vliii j . »Ju*j. <^ji\* *A^\ ii\ oa aJjO^rS ♦■Vjjj&V 

^\ ^\ <. j>A JuN-^ ^\ Via. ^\ Jic*a ^ . £ ^ ^* ^ 

£_L. LuSJ - (^iJlj jU-iVl ^ J Lb- UopL-j jj jjlli jl ^) i^L-l 

1 _ r -w» i *j j .^"-^ pi « . (J ilc-LiJl Lj Jw>-ji ^■■■«^ (j l _jl j>>-^l i„5~*-'''' 

jL^ilj a^>N\ a^kil-L, j.Li)l l-b;- 01 Ml 4 SJUiJl fli-ly <li-_jL jSCr Jlij 



\J . ij^ 'J s*ry V : JJL-J JJ JIJ H U* Jp c_^> Jii J 

ty^— j -y ' ^y^ 1 i^JiJl I^jc-Ij t Jp i \ *\ V i j»UJu>oLtJ o^Si L._lU jNi 
j^i] ^l^T i \ flp i JJ^I J ^l>l -uJ . UJUll ^1 i^'i 

J ^jj -LSI V^Lij ju ^ . L^_-li iy-iJl aj^Jl j-» ■> J-*-<^ ^Jl uj)-*^ ' 0-1j J— tJi AjjjJl 

i 

Olj^iaJl ale. jL> i^-i Jc^j JJj^-i jpr- \ <\ V £ fit J} . l\yi\ jP -u^l) i£ 

U t LjiS' <^iJi Jiiy J, iy!>\ j hjfr l^l ^L-t JpN 1 s.iU-1 
AJjyiLi JLiiii ^f^} {y^ ^ J-^" ^ s-£ ' *y>^ 'j^ 1 J ^-'^^S' UJo^j 

5J_?-jil IjyjziS ( A-j^./iloll ol tlj^^ AjJLiJI a;_j-^a31 ^Jl U Jj&> j 

^ — jU ji^jJaJ j *JJ1 Jl^ jjjJl ^iiJjl L>l . Ijy^aW J UUjI J ^ t5/ ^ 

jt jJJi Jp ^3 . -O-I Jb (I U L-^Ijj i^-t* <^lijW ol jw JiJ 

5^. u >- ^1 1 IJu Lf 4 oIj^I a-U ^ !-br jj-Ltf ,Jlu<» ^jNj LJli _)-LjN vjlJ-^Lc 5 ! 

Up . Oi^JI ^ JUJI J LjXi; cJii ^1 oL>JI ^! ^ ^ JU-1 Up 

jl L^US/l fll» i-jU <jl -Li>J j£j i l^UJNI ^ jyu^a iJLP jl t 5Jj-Ij L*J l^i jlT 



. \jy hjj>\ ^ jjJ tlJU- ^1 -b-l 1JL» OKj . f.^\ Ja*> t ^ 

(j iJLij ij^Jij jl Jj^j j^SsJ . Ljsyyi Li-i< ^ OJb L^N < JJi ^jij »Li>! 
-U*Jl J ol^ jl>-1 . j ^ji^ -^y ■ J W ir-* 

flp jJ^j" Jl ^Jl 4jCJ-iJI S^jJl iJU l^.t-TfTl JjJbjjiJ) jl jo^/l II 

i»ujyi ^Li^L « LflS' jUI i^t ^ jtsi tji ^Ip j Lb- JL^ U, Lb iL'Ullj t \ <\ X \ 
Jjl lj_j3\S' jS' . l$Ja>JbN i>jjJ ayb <j I ^ ^ IaAa C~>*~*0\ s 5— lLSL»jJ( 

(^>-S/l (jyJl^ JjL4 ^ c jA^\ ja ^J^\\ Jaju ^1 t *jjt. J^jl^y 

■■■■H ljJ>j . jiS^i jlSyj (J J-^>u iJUJ «y ^L-l jJp ; 4.-.,..,U / ^$JIS' s <-.» ; ,|all 

^ SjCJLiil Ij^lT jl^il ^UJl ji OiLpI . 2Lilil a-Ui( 0^_JI J O^^kJl 

^ Ayi^- jL«l»I il— <J jli t jUjI ij^S- Oli ..L<l (j iijMjl jl ft-^)J I- 1 -* 

c ' » s. 

iliUsNl iUj*>0 — ; i-^Lo oN^«ui> ii^laJl j) . (i L-JUi; L*i^i' ]) j Lj UjLLaJl 

' - ' • / ' ' ' ' 

Jaii Jjtjj ajI s-IJ-h-j L^wsl l-LXAj , Ujp-j Ja>jLi i/ U 4jt)^J l-b-Li l^>-|j LiUJI 

iU-y: s-J^-j fr-L; j / Ji |iL*Jl j_^i ji IJ^r- J* • -^"bj 

iUNi JO; Li ojK' 

. jl^Nl v_JL,I ja jl^N J^P j J^ry_ jl jS^C ( Ul^. \jj t ; jj^a; ) y_^l jl 



typM s-JL^I (J- j JpNI yi _^Jt ^ . _y. £yT ^| ^ 

Ob oL_^> r U Oy^-i t ^ iiU J_L£ j ^y| jiy&| ^ j^i^ ^ _^ 

^' ^ ^ L^UT ^1 oU-il — -_JL^I jl j Li* . sjoI^u J_T 

^ ^' ^ -J^ 1 — oly-Vl U .^U oL_J-l t ^ J ui> 

^ v_Xp ^ I-A-m^ ctiNA ^ jau i>\ ^fiu > 

jS^j t olyjiy J.L; U»Ly Li_J J! ijyll k___ <ij t y^Jl j __JLI 
" ' • ' 

JjUi U-Ufr L»y ltl. Li* _N (i^v^ ^sy& ^ ^ <^ <J* _L_^ 

■aW J J-LJl IJuh J^i ,_JLNl JSC UoL" ^ 4 iu___i__>l JU J,Uj 

Iaaj t S^jOit t Sj^J Jp _L_^ k_.JL.Ml <_}L^ «j_c ^ft- <_$; jJj t ,jyjl cy_; 

.^>\i)\ jl*__JI Jp Ny^ ^ _ S^wAl — L.li 

01 viJLii . ^ jjk* ^ JIL. <ol JyJ 01 
CjI« v >.jL^ _t"j-^ oULkil j 4__e- y L> Jtf- Jiij 4 ^*L^j djliyjjJ^ oU^jyJIj 

t i-UU» ^ ouiai oiytfr ijJ-Ji J >j>-J^ "jj^J^j 1 ^1 - W^>- 

^1 olyVl-Jl 01 *Ll__-L; t J^fi-j >>L^j L.li _Jyy> yj < C^*^ lX • 

JyJI . ii'UJl ^Jl aj___J\ ^> jjc^ i fAi ihe- IJL* 

^iy 1 ! J-Ci Jp 4 is^iivll iiU_5l c__iyL" ^ iifUll ^.ja:— 7 : y 



^L>! <J1 <-*-v^ ^y>5\ i-jjiji Jy t ju-i ^yt j ojydi i^ii Lip. ^ 

J 4jJj>- SjbxS' ^fr"^ ^Lr**^ j ' JaJ-l £j~J 4 Ju^iaJl 

i Ln^l^jj L«JiJ iJsjjLI ^ j_jJ/I> ^j. . iiJUJI ii^Jl ijjjiJl Lfiin <Uiii>«-ll OliUaJl 
j-iyt, jj&U 4_ii jJLJ LijJI iilkll U^jJ^- J l\y ^JaJU ii'UJl Ly^ll oL^kDj 
. l"j ; /" J ^J^-io A*-!^] (J j*b/l ^y^- -L-l ^ ' 'j < * ^ 

. i-^Jl JjUiJl ^!-L^u-L jU.1 JSO ^ Ul . « j£i ^ jl 4 L.Uj( 

jUl _ r J r \ j£i J >JI JLpI jl 'Js. ^4 IJU Jpj . ^1 -Up ij^jAl oUUJ 
Uj^i ^1 ol^Uill JT J jkJI S^U-V >^i. jjp ^1 If 4 oWl ^-J oLi^ri a*j 

. iiJtall Vj^Jl ijjjiJl tj-U Jjo ^f*i* ^y 1 ' 

^ V-^y ^ <• ^ ^ '^-^ 'iii^ ^jj^ ^y> 

l^jJI ji jjifl J JI^JI IJl* jt- jS^c jtT . iib£ 4iUi jjo jl j&c 

■ j OL-^JI <JU> yi^^! j^*' 

< * * M 

■ (Jl *r*"*^' Jj/^l * <^li 



^JL-Nl ^Uj ^1 ^ Vl-j-ill jl) UUVl iUoNl ^ 

t Ajljij^^Jlj ijLiiU -CtTjl^y ^^i^-Vl JJ-I Jaii u ~Sj 4 A... ...>■ JL>-I a-U- .iy-j t^V;M 

i^jLJI ^UJI JJ-I Ubil Ji 

. ^Nl jU&I £11; ^ ^ jl jSCc y >JI 01 

j-Lj jl ja J_L*I ^Ju-Nl ^ 0^L-i JUl ^^L-Vl Ul . v-JL-Nl jaiA \+\ . ^ 

. ir-ip t iiy^JI ijjiiJi ol»U» 
^Jl ol~-J-l JS^ t cJbr ,9 10 jjj^ g y, S^jJI ijijl j ^JJl Ji&1 jJL. jl 

a-il*j tl^JL^wN i ,,„,.i ■S-lPj 4 l^J^-o (^I^V J-AP iiU* . £-^>w 

(J IJi>- <U ^< Si^ JJiJ L(^>J t aft*-^ ^f^ 3 * 1 Cr^- (3**' — i 
jo- 4 iiyiiLl oL,...4-l ilL" ^ Oli* ^-Jaj A>jj N Jj . 19 10 t |*JL- 

. 496 J^l, l^ly ^y\Jh iAPj 4 0■i i y^ , OL^JI^ '(Jir^ tl^A C.-^ 

oL> t L j J>3I ^ lajp jl ^ ^ ^ ^ 



c 496 LyL_. I a* V -A* . obx-iJl j> ijyM Jl ^ij c-i-iiTl -u w>^ 
. kaLit- Obvi jjJ j> t <_}L;N jiP t -^L* <jl L£j 

I L^JjL* (J ,.; 4ji*JaM jl 4 Jjj5j jl f}LJI JLP ^AJ_U<a3 L_—Jaj I £jJLi jl Lip 

ijJL OL>l^»l i^y^- ^ jlh-" Aj^ll 4j_^aJl jj . ^*L lj *)J_/-^^ ^ -J L^J 

aJLijcJ Sjj-rf' J| iji* *>Li aJJio^ OL>L) ilL* jl ^ . ^iVjJl JjT ii^la ^j-uai^ iisL-Jl 

JUwu' izrj* j^il . JuLw <Jb Li oy^Sl j 1 ^ jjS' ^ * — S Uei N 

oUI>Vl (^1 t iJL>-UJl jl . LUUll ^-wNl 

SjlJbr ijjjaJl J«r Jp ^>-l ij\ j> jOil t ^'j J. ' * ,Jj ^ ^^r-J <• L-LNl 
Ijt ^JUJ JT J Oj^JJ Lf-Lj 4jU_^li 4_» ^yii/ jb lAiw jLo- N c^l j} . ii-^j 

i^l^l ^JaJl jl j*^) ' ^j'-l ijt-i-Jl Jc> i-^JW ii-^Jl jl . LpL-^-> -UJ»i> £*~^l 

L\£3 t J-'l^ i- 1 -"^ "L> ^ * * 496 ^A«JI jl . J.i«:ll ^- 

iJl^ . IJj>r ... oU>l/il ^ LJI ^- jfi- t ^j^J J** J^i <^ SJu^ll vli^l 

^ si^i jf- 'U** 'Uji* ^jfc ii\ iaji^\ Ai^i ^ 

Jjj- ^ y <J ^-«*J 4jai»t-Al iillaJl -Sj-Vj- J iiJUil Sj^JjJI oli^li-Jl c/ 3 *' <^!^' • 
L-^. ^UIp J^LiJ ^Jl {.LiNl A^I l-Uj . iiLL. i^jj LiU S/jjw j_^jjJl ^i^iJ cJapi 
jyjjJl jb ULui . SiJDI ijy^jl AjjjaJl J^s- ^ ^l li^jJl J IJj^ 

I o ^ < jjjjjjl viiSsiJ Jiiw-j . 0*>L-^il 4J ^ *jJ-^->- L^>tfL J*^o ^-^rl' *L>- o-L« 4^J. 

(■ "LajiixJ.1 iiUaJlj ^^Jjt^Jj Lt5l>- iijli Aj^jj O^— J ^1 i ^ JS' (^-0 '<-X>- 

. LiL> J^j ii'Lil hjjW LjiJI c , - , 7 ,. ; %J\ jjj J\ j£s f.^. ^\ zy-y jiplN 
^ j^-N Ls-i j^jjJI diSCi; J*f iifLill l>sy\ 1jJ±\\ jl J^iJi jl^'L jl jiiplN 
j* ^y* J^UJI ^ II* jl . iiaj jl ^j">Ul ^ jl *>L>^-^ jl 



SJ^I, gisl Lib* N> CJIT bli . ^ i*L* V> f I iilat ole>J oUlS^I 

4* . ,y ^iii jyi > yffl aSri ^ ^ 

(| IfrlT j*gj| o* ^ 'Wr* <Lb - UJ W > ' Ji> 

pji u$ t ^ fob jA\ ^j^. cXjaa ^ &9&t$jM&&& 

S 0\»vii\ »A* S4»f \*i.J* ^\ 0\»*iiN Vfli ^K~j > 

. li^i ii^p^j. u«jj ^ o* ' Mth ess ^ hr^ 4 • Ml 
at i^ta o 4 ^ ^ s&u* ja * JI • c^ 1 & & & Ml 

^ di> U, . JJU c^j ^ . i,>Jl AW* 4 

ijiJ|, -«=*»rfJI SIS $ Jklill ^ d ^UL- J$Ug t to 

^ . LjT uir jjj _ v> 5Miib ^l>^ji ^ ^ ys^Vi jsj Ai^Ji 

. 4 **ii> V> V> N ^ v J^- ^ 

iufyi jp ijy^ ah . oiiju ijla ^ w^jji ju^-al L^tf dUij . 

^£jC A-»Li>l O^ypU^ ^jixj u J 1^1 ^L-I AJ^laJtj ^^^"i $ 

. ^>ji itjfr ^4 i4lfe jSO i UU>] »Ut1 O^Ua^f t cJlfUkl ^/a*; cj c UjUpI 
S^Ujl oUlCVl v>U Us- ^ Ju'j^p . ^MJS' jl c oNU-l ( _^a~ J ( 1^1 



^JLLj i^^} ijL>l oL>-jj ,Jp i^Udl 4^,_uH hjj+d\ »1a ^jf- (Jixif 1»-Up 

. £_JaJl £^aJ L^-pLj"I -1*^1 4^*1* .-Jy^ N Ljt IIa < L^J» 

ol>jj jl UJ^ . LJIyl oUij > ■>- aj/^. LjxiLi>l ^1 ^LiMl j> c J 

i ly_/Jl LiiL' ii> ia^L L^yuN ^ • ■iL-li'l ly^tJ 

l^U^I «Lf I y> lJt» ^^SJ . L»li ^/v Jj- J* ^ ^ ' J ' j 1 

jL^l jj^iill U . U>L; iSLv\<u L^S 1 jNl If i-JI^Jl ij^kJl jj . 

j\ <JrS\ j£s t ^iLil li-yo ^,$0: V J 

jSo: oUUs J ^jl^l viJ JJb- J\ diii }jA> jl J^U . s ^^-' 

if " 
. I c e t 

' o^y^ 1 w~yaJl ,J*«> ^^'^ o^-^ 1 {x r.J ■ j, 

r • > 



P- ^ jl> J* — ^-L-t oli <Lfr JLyj Jo^i; J* jy*Jl j^ r < .l i« ' 

Jj£. ai la* jl Jit . J^*^. a* ^\ . JuUil JL-JI J* ^LtJ l r d^l^ 
Jl£jJ la^ J. 4 la*, i-ba*- jUjJI, Jl£ll Jl »>J J^_ J U* J^i- u Jl, 4 *>LLi>. 
— oU-jJ J-**! £pl <j^- l1— J JLJl^ujli olAA>>sjl ji (jui ai» . jUjllj 
^a^Al Ut^u* LI . SijJiJI uu^jJ JujN _c-iiL ji jj^j c— jf J^JL* ^-^-jf 
.^-LNl tail ^ ^ s^TN ^L=^l a* ^L-i 

1 Oj^i- OA*>Jfti\ i>S IjJS l o\y-» l o^\i aii 

<t |, \f\ ^ f ***** ^ & ^ 

ia*i— cJ€ i^a* JuJUM iJUiJI ji c^bi ^Jl il/rfl d\ . L»> 01 aiipl 

Jl»y. JX-i oaUt JjjM jl ^JUi J* ij . ^AJ^oi\ iijai ^ t-Lii vi/^ 1 S-i) c/*^ 1 

ia, ; Laj»i . (—-jytdl < J) ^ »^a£ jpJ jl a» N Ju^JiJI 0l> L«li iAiL« jjp- c-iK' 

J^- ij 4 >->\Jaji)}\ <^oa>*±\ Jt> \AijJ- *Juiii\ i}\i!b\ ^ ^./iriT ^l^k^l 

. L«U .Jdat U ^^il Jl la* J*j 

^ ajjbU ^1 J[ %'Ui> 4 UJUil iiU^l 4 J* Jl Jyi 0t ^ jO£ 

l^t ^ 4i->- 4 cjljk^l Aj>i ^ jjilt 4_-;l>l ^ Sijajt Jb>Jt «a* Jiu jl ^ 
■ * . Jji** ijija^l jl ai*l* JUJLiJI SjjyJl ^ Ul . la>- i-«<»L>- vW-^ 

. iijaji ji* Jj£j Jl jtsl 

iL*Uas-lj u JT J^«; 4ibl . fttijjiit Jji la* _ ( » ? k- < L* J«a. JL-jVI Jl ai^-i 

y • r 



4 Vjj^ *j^5 \jVS>*l j^£ Oji^^JI jo- 4 Ulp S^>- j» jl 

i Lj-XJ JaJ-l Jj ■ V^ 1 — JJ _/*l^ L^i-.-^j O^-jyihLjl OS' 

^ ^-jl ^^r-ijj j^Vl f-iLail JiiAj Uj^p 4 J.U . -b-bU oUp-il J-sr 
. t ^aA) » ,y ^yJHJ^. L5 li<i jl 4 Tevatron jjyUJ ^aLall Ji* iJUJI oU^JJ 

.^ki-JU J/uiJ j\ (ij- ^illiN J*Vl lift jUaily . Lot; illJi jjSw 

j}\Jaj j£Jh jl) Ljl^ ijb) JjU jt 4a* ji <^iJl y-Nl t^iJIj 

• ^h*^ Jj^i ^ / ' <y* '-Vf 

Ol.y-J.1 J^pI Jl v__*Jb jlj 3^ ijii -Jul jl ^ V^J^ 1 <j&tyj 

Ju^sj Jp |«-fUp DlNj 4 ii'USl ijy^il <J^JI J j^*! l)I L«-fr ^LJl Jp Ol jL^ailN 

JLLpI Lf ^>J . jjyja:.-j L« l^ub Ol ^Ul Jp jl <J.j\ . i^ii^Jll iiliajl tljjjj 
y I^JLo ji jyLl . i^U, Ji^l iiJUJl <>j;^\ <ijad\ jl 

(^-U Jp jj^^SJil i_3Ll-^'l ^j* V jilaJl t 4j j^t-.uW OU-J-I <.ljjj t AJT 1 ! J 

L«Ip Oi*^ J*^ Cj\+Jad\j i.:.j>\.\ l_JjLs>JI j>p j-^-Ij ^A^V ^Ip jj c 

. JUI Jj Li^J 

[^J ty* Jpj *i* j ^\ Jp ^Ui ^iU li* Jpj 

jl, 4 r U^t Jl ^ikli JjU jl >-l ^ jl ^[ 4 JjJiJI 

U . JlfJl v 1 ^ 1 Jp >J ^ cj^ ^ j U lTJ"^ ^> ^ 

^ .\la tt J£\a (Jp iJii^i S-Vf V' jii' *W ' >^ 

^ i-i^ oU-U j^l Ojy>-l Jij IJbr aJplj) l-Asr iLfr 

1^1 . JDUillj w!Ap U ^Jl t LiSl\ _Lpw>y ^Jl.<" 'jJl JJ J»> j& (I cLii 



U*- Lil . l+^-L ji ^ iJjl* J ^j^Jt jj&ti)) a±lj*^ J* ^ 

J*-^) i-^J^- <-*y J*-^ ' W-^- ^y^' oNi ^ cJyiN 

* 

i ' U<*j»*.v- vW^ 1 tjlijW' (ji-JLj-a^ ^r* « J^ -1 (J uyUUJl J-U j] 



. i^Jh J ^i\ ^ySfl ^ <Jj, A£ fr Ui5t J t> tJ OlT ^l>l iu-j : ether jj^l 

. oB^I/ *Sy! JL>-ijjl !_jJb iLi* oV^-A* : baryons Oly^L 

*-?ry i^-i J-_£ ijjjjj^Jl oi • £jk>jj&ty SiLjail oL-_*J-l : pasitrons 

* t 

I <sji-*> Jjv*' L^r- - oL^— 4"l ^ lJw ^J* jiiaj j^—l : bosons Oljjj^i 

oL^_jJl J - >- > : ' abstract i£-^->.j£- t ^-— ^ }>\* '■ Snpersymmetry Jjltl Je\H 

i^JbU ctylsil j^uJ. L-L.I jJUl >LJI JSJL, . ^w»y J 

. iUUSI Ajjjj3l 'SijiaJl (J ^ _yj i'^tyS iJUj ij^jii £^ 

<^t) i^xil jJjiJ ^JLiJI c^jiiL; oli L>-_jj^_yJi . £l t ^ jV< oLi^ilj 

JL>-y jt ^ ^1 i.]/t*-\\ m Ji. t LM J* ^ ( JlSLiVlj ^>J-L 

^Ji < oliJl «Jub J^ji J^&l J jJU^j | _ r Tl> jlT : Plank's constant iali 

ott jl . c~>V -5-^- tfjJty jjy^ » J-^Ls- l^i J* t b U 



^bL-'i yii uL^y y frjjN. L r l jjf- illiiJl £1*; i^k; : supergravity iaibiil AJlaiJl 

. jlSOjjl 

t j_T U^>-j ^_53 i 1 1AT fU- -$jLi_fl f . 4jL«__1i _yjl J^y- : Z j VV JLJ-I 

. AjysJ ^ — .1 J,! o_L___Jj Cj\ty^>\ y i iljyJs iX< J*>\>- 

; — i; jl _yC: *J\jyJi\ oLLjJI JS" jL Jji; SJ. U : reductionism iJly>^l 

. JyJl ii^^Jl l;liyC ^-Ui y__^ 
I — tyos- LJjxJl 3JL4. J-<^c — " . y»lj]aJl i_*ly cL-j^"- <. \. r \ : phenonenology AJyiUaJl 

jU3i« t iJliJl _syJl Ly>=r- *J»j — * V-^'/* 1 oL-j- ; gravitihos Jli>^y 

. >L_I iilill iJlisJl ^>J1 ^y 

UoLj ; L__,I iCi <Jl Jill 1 ' LbLi (»_^»<'_.l) oL-. . Kravilons olyjyi 

. olS^yJi ^ iOj-LjJi .yJi liJ ^yJi »i__sJi _»i oL y : glucns oL^-Ip 

Loy ^1— ~ I ^ l— - oL~-il \f jlk; _J : fermions OU^i 

— — ^ ^ ^L^' 1 ^ 
2 2n ' ' 

j' _r>^: • <S y^' 1 ^-^r^-" ^V*' 1 JSj ( fj-^ j 1 ) oL_^ : photons Obyji 

Jy; . ( U^^: y> Uj j-iyy j r.->_ r ) ^jj-^ : stron g force oAj^JJI 4yi)l 

. O-^yCSl L_J y€ iyi}\ a-U> J__»l jl Olj^JiJl 

JS' J-^>" t ixJa-'l J £->j^l v~*L-Vl <jy-Jl ^ oJ^lj : weak force iiLiwiSl flyUl 

ij_._U.JI : jLiVl OyyiiL Sjj-^ j^Jxj'L. I Jli 1^1 i S_>^lil oL^J- 1 

. ^jL_Jl ^c-LoMl iyil J?L-J ys. Lf-_j--i 4jL>l-_SI «yJl oMyii^ jS^ jl . i— ^Js^^Jlj 
^_*->-j' . ( i_yy oL~> ) olJjjJ-jJJ ( i-jyi' ) Ajy^-^l oLyxil : quarks o^tyf 
. olj^J.1 J5Ci_j ^jj^j ( ^y)j^ ) ^^jijM^ J^-^» oLj">^ (J oK^ly>Ji 
. i-ijc jl ajjL-j : iy-b _Jlc t i- jl t L.yaA i_j_Jl 4-J5JI : chirality 4-Jy 1 



oJ_j^L_j: o^LcJl i^jJ : Feynman diagrams jj^li otkkil 

O^Lo- iL_L- J bj-L>- Jiij *JaJa£ V'^i *~>-_^* fj-v^ a -^* ^ £*3 - 

. oLL* Jit Lf jg\ 

. a,JJl j> (t ^-jL. ^| JUi-4 ^'La^ Jp jlk. ^1 : parity itfli 
. ^Ua^ -4>!j^ Ja-jj-* -^j^ >_iJli <. ^ oli o L .- > - : mesons Olijj-t 
i _ r ^j>- ^ jISC" . oLi^J LgjH oL,j...tU ^ > ii ; . .^g ^ tLjipl : rations Olij^t 

. ^ jai ^ oUj^Ni 

L^IpU; jl . tSAt- LCjj aJIj^p^JI i>«_iJl oUyJ .'neutrinos OU^ji 
Jl ^yu.; : Grand Unified Theories (GUTSiioO) j>^Jt ^>J | Cbjiaj 

jjiJI j ^^^-.^j ^iajjLii : Ji^yP^ — LiJl J,| l$JLs>l Syu ij^lii : Aj^jJl Aj^iaJ' 

ij^U jaj\^*>- tiXLx Jib- i*L l^j »y JT Aj^rliJ : gauge theory <b)L*Jl ^*J' 



V JjUJIJj, 

^ LiAi* -1 

^ (( (.^ Aj^ti » _i -ij-rfliii L- . \ \ 

\ T ijtjaji ,__U j iJj>-^l . T \ 

\~\ <~~jS\k>Jaj. r \ 

ri i^^i^^di. * — ^ 

VV aj, Ji^ oL,,-4-l Lj.a , o \ 

rr ^js/i <j^i . t_\ 

To. (jyjl o">Ub- oL-J-l . V_\ 

TA jJLill >UJl . A \ 

t>\ ,JjiJl JLj-y . <\ — \ 

ol ^L-JI . \ • _ \ * 

ir aJUiii . \ \ \ 

To jpliail . \ T — \ 

t\ ^1 . \ r _ \ 

vr jjjipk Jj*- -2 

A a - jaj^J 5 !" 3 

* ■ r ji> -4 

\ r \ -Mi 5 _s 

MS ^-Jji j^r -6 

\ oV f%J\ X* JU£ -7 

\ 1 V j-i^U- jjoii -8 

\VY j^li -SjUij -9 

\ "\r 

X • o ."jI'-IU p[\ ja«j -i , 



< r >l^&\ IJU 



. ^ly 1 ! Ijjk j;P ^y t ii'Lill kjjkii \+t*\ 
4(oi_^Ji) if — «; Jp viuisli iUNi i y»«, ^jUi'Sf jj* 
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